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H. M. 8. HERO. 


THE twin screw battle ship Hero, recently added to 
the British navy, is of the Conqueror type. She is 
built of steel, and carries a single turret 22 feet in 
diameter. In this turret are mounted two 45 ton 
breech-loading guns. She has also four 6 inch guns, 
on sponsons, twelve quick-firing, and several machine 
guns. The armor plating is 12 in. thick on the sides 
and 14 in. on the turret. The dimensions of the ship 
are: Length, 270 ft.; beam, 58 ft.; displacement, 6,200 
tons. She has engines of 6,000 horse power, which give 
heraspeed of between fifteen and sixteen knots an 
hour. The bunkers will carry 620 tons of coal, which, 
at a ten knot speed, will carry her over 5,000 miles, 
Daring the recent maneuvers the Hero was attached 
to Adiniral Tryon’s squadron. She will now take up 
her position at Portsmouth as tender to the Excellent. 
This ship was constructed, at Chatham, with greater 
eelerity than any other ironclad, either in private or 


oye yards. There has been a saving of £20,000 over 

he cost of her sister ship, the Conqueror, which was 

two years and eight months in hand, while the Hero 

been turned out in eighteen months and six days. 

Another vessel of the class of belted cruisers, the Im- 

is to be shortly commenced.—Jilustrated 
n News. 


THE ADMIRALTY EXPERIMENT TANK AT 
GOSPORT. 


Srycr the inanguration of the present method of ex- 
rimental investigation of ships’ resistance at Torquay 

y the late Mr. Froude in 1872, the value of the work 
carried on for the British Admiralty has been acknow- 
ledged by other governments, several establishments 
of a similar character having been instituted. The 
utch government. in 1874 formed one at Amsterdam, 
Which, up till his death in 1883, was under the superin- 
tendence of Dr. Tideman, whose labors in this direction 
Were second only to those of the late Mr. Froude. In 
1877 the French naval authorities established a tank in 
the dockyard at Brest; and about five years ago a 
Private firm of ship builders—Messrs. Denny Brothers, 
of Dumbarton—erected one at great expense for their 
Own use. The high value and importance which the 
British Admiralty attach to the work carried on in the 
Orquay tank is witnessed by the erection of this new 


significant confirmation from the fact that at the pre- 
sent moment the Italian government is busily organiz- 
ing an experimental tank at Spezia. A commissioner 
has been in this country for a considerable period 
gathering information from visits to the tanks already 
established to assist in the construction and outfit of 
their establishment on the most aaperes principles. 
In view of these facts, a brief description of such 
features in the new Gosport tank as are improvements 
on the old at Torquay will be of interest. At the new 


investigations since his lamented father’s death in 1879. 
The improved apparatus, and much of that in use at 
Torquay, was due to theskill and ability of Mr. Froude, 
and the Admiralty are to be complimented on retain- 
ing a gentleman of his experience and enthusiasm in 
the conduct of affairs at Gosport. The old tank was 
280 ft. in length, 36 ft. in breadth, and 10 ft. in depth. 


@tablishment, and the wisdom of their action receives 


The dimensions of the new are : 409 ft. in length, 20 ft. 


in breadth, and 9 ft. in depth ; and in construction it 
differs materially from the old establishment. The old 
tank had inclining sides, with much greater breadth at 
the top than at the bottom. The new one has verti- 
cal sides, and is built with a long sloping beach at the 
remote end, to break the waves caused by the passage 
of the models through the water. At the near end of 
the tank convenient docks are constructed for the 
ballasting and adjustment of models to their required 
draughts and trims. The total distance traveled by 
the model during an experiment is about 350 ft. ; ony. 
200 ft., however, io the central part of the tank is used, 
as a certain space is required at the beginning of each 
experiment for accelerating the speed, and at the end 
for slowing down. The extent of run utilized is rough- 
ly equivalent to the measured knot traversed by the 
largest steamers on their measured mile trials. The 
depth of water in the tank corresponds to about the 
depth of the English Channel, so that no fear may be 
entertained of increase of resistance due to the creation 
of shallow water waves, or the influence of friction of 
the water along the bottom of the tank. The breadth 
isso adjusted that no inconvenience or adventitious 
resistance is experienced by the reflex action of the 
waves created by the model. 

The models, which are cast in a clay mould, are made 
of paraffin wax, a material which readily lends itself to 
their rapid and economical production. Appliances are 
now in use at the new 


establishment, as in the old, Mr. R. E. Froude is the; the model. 
responsible chief, this gentleman having conducted the | mirable way in which the machine is made to co 


for moulding models of | rope 


much larger dimensions than those hitherto used. The 
machine employed for shaping the mnodels to the re- 
quired form is of new design, and differs materially 
from that peste: in use. In the old machine, the 
table on which the model rested was raised or low- 
ered as required by adjusting serews before each suc- 
cessive water line was traced on the model by the 
revolving cutters. In the present system the table is 
kept fixed, and the cutters are raised or lowered to 
the desired ition of the level lines to be cut on 
his arrangement, coupled with the ad- 


the movement of the tracer along the lines of the 
model drawing, has been found to answer every ex- 
pectation. Considered as a whole, the machine is a 
marvel of thought, ingenuity, and skill. 

In the old tank, the carriage containing the delicate 
papeoctes for measuring the models’ resistance travel- 

on a light railway running along the center of the 
tank, the distance between the rails being only about 


THE BRITISH TWIN-SCREW BATTLE SHIP HERO. 


three feet. On each side of the railway, and stretching 
the whole length of the tank, was a footway. These 
footways and railway, together with the beaws and 
struts necessary for their support, obscured much 
that was interesting to observers, This arrangement 
is entirely done away with in the new tank, and an 
uninterrupted view of the wave system created by the 
models as they pass through the water is now obtained. 
This, it need scarcely be said, is a matter of special im- 
portance in the investigation and study of wave forma- 
tion. The new arrangement consists of a light but 
rigid carriage, whose framework spans the whole 
breadth of the tank, borne on wheels which traverse 
a line of rail extending the whole length of the tank 
on each side. We may explain that in the center line 
of this main carriage, for its whole length, is fitted 
another line of rails. On these is supported the model 
carriage proper, carrying the apparatus for mea- 
suring the models’ resistance, and, of course, con- 
nected to the model itself. It is adjustable rela- 
tively to a second measuring carriage coming behind. 
This. last isa more recent development of the model 
experiment system, and is intended to carry, at any va- 
riable distance behind the ship, a model of the screw 
ee, whose influence on the s of the ship will 
y this means be inade known. The main carriage, to- 
gether with the model and screw carriages which it 
supports, are propelled by means of an endless wire 
passing over pulleys at either end of the tank, and 
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fixed to a revolving drum, which is driven by means of 
a Tower spherical engine. The governor controlling 
this engine is of new design, and is so arranged that in 
a few seconds any speed may be assigned to the model 
and carriage. 

To rewove any impurities that may collect on the 
surface of the water, recourse is had to an ingenious 
contrivance, working automatically, for skimming the 
surface ; and to insure cleanliness of the under-water 
portion of the model, at the commencement of each 
experiment or run she is made to pass over and between 
a series of brushes, so arranged as to effectually remove 
anything that may tend to affect the result. Any small 
currents that | exist in the water of the tank, arising 
from draughts of air or induced by the motion of the 
model in previous experiments, may be sufficient to pro- 
duce slight errors in the indications of speed registered 
on the recording cylinder. To enable the observers to 

te these errors, two small logs or current meters 


| students if an experimental tank could be provided 
'in connection with the course of instruction under 
Jenkins, of the Glasgow University.—Jn- 
ustries. 


THE SUBMARINE TORPEDO OF PERAL. 


On the 8th of September last, there was launched 
|from the arsenal of Carraca, ay a submarine tor- 
| pedo boat, a representation of which is given herewith. 
t represents a new departure in naval war, that is, if 
the expectations of the inventor shall be realized. It 
is the invention of Lieut. Isaac Peral, a distinguished 
officer of the Spanish navy, who, after baving presented 
his plans to the Minister of Marine, by whom they 
were closely examined, as well as by all the scientific 
experts, were declared to be not only practicable, but 
necessary. The a dimensions of the new tor- 
pedo boat are about 70 feet in length and 9 feet in 


are placed some distance in front of the model. If any 
current occurs, the logs indicate the difference between 
the speed of the model through the water and the 
speed of the carriage to which the model is attached 
over the railway. This difference is then applied as a 
correction to the registered speed. Both offices and 
shops are replete with the best appliances, and every- 
thing is designed and arran to admit of the 
utmost dispatch of work. The duties of experiment- 
ing are now fully entered upon in the new tank, 
and under the supervision of Mr. R. E. Froude, who 
devised the arrangement of the present establishment, 
these experiments may exercise even a more important 
bearing on naval design in the future than they have 
done in the past. 

At the recent meeting of Naval Architects in Glas- 
gow, Mr. Martell drew attention to the great benefits 
naval architects had derived from the experimental 
researches of the late Mr. Froude, and remarked that, 
in his opinion, great advantage would be derived by 


THE SPANISH SUBMARINE TORPEDO BOAT PERAL. 


width, with a displacement of 87 tons. The two screws 
which drive the boat are operated by a powerful ac- 
cumulating electric battery, which is easily charged 
from an electric station which will be established on 
the shore, and which wiil serve for various other boats 
in case others are necessary to defend the fort. 

The method of sustaining the boat at a predeter- 
mined depth, and of obtaining the sighting necessary 
for its movement, constitutes the principal secret of 
the invention. The Peral will be able to remain forty- 
eight hours under water, with sufficient respirable air 
for the seven individuals which constitute its crew. 


To make a paste not liable to be affected by liquids, 
vinegar, ete., for fastening a small disk in a metal cap : 
Boil 8 parts resin with one part of caustic soda and 5 
parts of water, thus making a kind of soap which is 
mixed with half its weight of plaster of P = 


PHOTOGRAPHIC NOTES. 
By Dr. H. W. 


Films— Albert's New Isochro. 

matic Collodion Emulsion—Albert's New Etching 
Process—Another Process for Printing Half Tones on 
Blocks—Concentrated Soda Developer. 


THERE is a process to strip (transfer) gelatine nega- 
tives with fluoric acid, giving magnificent results, but 
it is too troublesome, by it being necessary to prepare a 
gelatine film for transfer. 

My son has lately discovered that negatives to a size 
of 18X18 cm. can be transferred quite well without 
gelatine. The proceeding is as follows : 

The negative is placed on the leveling stand and 
flowed with collodion (3 per cent is best). After settling, 
it is laid in water sufficiently long to be evenly 
covered by it. It is then put into the diluted fluorie 
acid (three parts fluoric acid and thirty parts of water) 
until the corners begin to loosen, and then it is strip- 
ped by means of a piece of paper squeegeed upon the 
same. A well cleaned glass plate is then rubbed 
with tale, flowed with 3 r cent. collodion, as men- 
tioned above, and washed until all the greasy stripes 
disappear. Upon this plate the film is squeegeed and 
dried. The drying is wuch quicker than by applica- 
tion of gelatine ; the edges are then cut with a sharp 
knife and the film is stripped. 

In case such a negative should havea tendency to 
eurl, it is bathed for a few minutes in a mixture of 
eighty parts of alcohol (90 per cent.) and twenty parts 
glycerine and dried between filtering paper. The film 
remains completely smooth and flexible. 

Negatives stripped in this manner serve for Licht- 
druck, carbon prints, photo-lithography, ete. 

The latest news in market is the isochromatic col- 
lodion emulsion of Dr. Albert. It was announced al- 
ready in May, and the inventor asserted that his collo- 
dion emulsion was as sensitive as gelatine emulsion and 
isochromatic without yellow screen. 

That of course would be a very significant discovery, 
and I was therefore eager to see the preparation. ti 
is now in market in two separate solutions—a bromide 
ecollodion emulsion and a color solution—differing ac- 
eording to requirement for portraits or reproductions. 
The emulsion, as such,is not color sensitive, but be- 
comes so by addition of a color solution. This is pre- 
pared according to the requirements for the day. 

This last remark of the inventer proves that the col- 
ored emulsion will keep only a short time ; and he pre- 
scribes further, that it must be exposed while fresh, 
that is, as long as it is wet. In a dry state the plates 
are less sensitive than while wet. If this is the case, 
the Albertype collodion emulsion would remain re- 
strained to wet plates, that is to gallery work. To 
this may be added, that collodion dry plates, as is well 
known, will lose their light impression very quickly, 
requiring quick development after exposure, while ex- 
posed gelatine plates may be kept for some time before 
developing them. 

I have tested the Albertype emulsion. Uncolored, 
its sensitiveness is not very great, about ten times less 
than the sensitiveness of a gelatine plate. But the 
colored emulsion, on the contrary, has double the 
sensitiveness of gelatine plates. Completely isochro- 
matic or orthochromatic, they are not. I made a color 
table, with nine colors, which, in proportion of light, 
ran as follows: 1, rose ; 2, pale yellow ; 3, pale green, 
4, yellow chromate of lead ; 5, peroxide of lead (orange); 
6, dark green ; 7, ultramarine blue ; 8, cobalt blue; 9, 
dark red ; but with Albert’s isochromatic collodion the 
colors acted in the following order : 


&. & & &. & 


The plates have to be treated very carefully, and the 
slightest uncleanness will cause spots. 

The inventor says nothing about the manner of pro- 
ducing his collodion, and of the color he remarks only 
that it contains picric acid, which is intended to re- 
duce the action of the ultra-violet rays. I experimented 
in this direction, and have found that Albertype collo- 
dion is more sensitive for ultra-violet after coloration 
than previously. Further tests are under way. 

Mr. Albert has also recently published a ‘* process for 
the execution of photographic etchings by application 
of a resinous chromo-gelatine™ (patented in the Ger- 
man empire, December 28, 1887, D. R. P. No. 43,098). 
He says: Photographic etchings are divided into two 
classes, namely, the intaglio etchings for copper prints 
and the relief etchings for book printing. ie the lat- 
ter kind of etching, resinous gelatine might find its 
principal application. 

The resinous bodies have for a long time been used 
in photography for etching purposes on account of their 
resisting power against the influence of acids, particu- 
larly asphaltum, which even kas some photographic 
properties—by losing its capability to dissolve in tur- 
pentine after being exposed. The results obtained by 
this method are very complete, but one evil is the very 
low photographic sensitiveness of the asphaltum, re- 
quiring even in the direct sunlight an hour to be ex- 

sed until insoluble; in diffused daylight it cannet 

applied at all, and to use it to advantage in business 
requires a pees costly outfit for electric lighting. A 
further evil in the asphaltum process is the requirement 
of reversed negatives, being always attended with 
much waste of time in the production of the negatives. 
It is now said that these defects can be completely re 
moved, by making use of the properties of chrome 
gelatine, to become insoluble in warm water by expo- 
sure to light and by adding asphaltum powder or any 
other resinous body finely distributed, to the gelatine 
in place of the pigments generally used for the produc- 
tion of the well known carbon prints, giving the gela- 
tine, by subsequent melting of the aspbaltum or resin, 
the necessary properties required for etching. 

The manipulations by application of the resinous 
gelatine are the same as with the pigment paper. that 
is, sensitizing in the chrome bath, drying at 20 de- 
grees C., exposure under a line or autotype negative, 
transfer upon the metal to be etched, development 1D 
warm water at 50 degrees C. ; 

If the gelatine has been exposed correctly, it will dis- 
solve completely at those parts corresponding to the 
high lights of the negative, and a pure metal appears, 
while on the other parts the gelatine with the resinous 


bodies willadhere. After drying of the gelatine relief 50 
obtained, the resin is melted by heating over a gas OF 
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alcoho! flame, and the power of resistance is thus cre- 
ated necessary to the etching in acids. 
The advantages of this invention, according to the 
inventor, consist, above all, in the great light sensitive- 
of the resin gelatine, the time of exposure in the 
sun being up to three minutes, therefore twenty times 
jess than with asphaltum, in diffused daylight, to forty- 
five minutes ; farther, that in consequence of the trans- 
fer upon the metal, the productior of areversed nega- 
tive becomes unnecessary. This transfer upon the 
metal gives the resin gelatine process another advan- 
tage exceeding all other processes, namely, that of the 
test possible sharpness and delicacy of the lines, 
Oe side of the gelatine having been in direct contact 
with the negative, being also nearest to the metal, ex- 
duding a widening of the lines. 
The field of photo-mechanical printing is also culti- 
yated by others. There has been recently a process 
ented, belonging to the “Societé Anonyme des 
rts,’ in Brussels, a process by which any pictures can 
be combined with acorresponding ground-tone in such 
a manner that the clichés produced by zincography 
imitate woodcuts as well as copper and steel engrav- 


a process is, by means of a suitable projection ap- 
ratus, to throw the picture of the object to be repro- 
uced — a paper or rubber sheet prepared previous- 
ly, to photograph the picture produced in this way, 
and then to transfer the same upon zine or copper by 
any of the known processes. 
‘or the execution of this process, a sheet of white 
r, or a rubber sheet, previously whitened, printed 
with the required line tone, is put on astretcher, and 
thelatter is placed in position at a corresponding angle. 
Upon this sheet the photographic picture is thrown by 
means of a projection apparatus, whereby the same 
appears upon the line tone, the same as a woodcut or 
steel engraving. 

Finally, a new developing formula of Max Wolf, 
which is to take the place of the potash developer. 

The potassium developer is well known ; besides its 
qualities as a powerful developer, it is of great advan- 
tage to travelers, because it can be produced in concen- 
trated form. 

But it has the disadvantage that, on account of the 
potassium, a coloring of the plate will quickly take place 
and that the frilling can hardly be avoided, if an alum 
bath is not applied immediately after development. 
For these reasons Mr. Wolf produced some time ago 
for his own use another developer, which is just as con- 
centrated as the potassium developer, which gives clear 
negatives and causes no frilling. 

Two stock solutions are made: 


Sulphite of soda................- 30 grammes. 

Cone. sulphuric acid............. 5 drops. 

10 grammes. 


Whereby it is essential that the several solutions 
should be made in correct rotation, pyro oxidizing at 
once, if put into the water before the sulphite of soda. 
Filtering is not admitted. 


Cryst. soda carbonate ........... 75 grammes. 


This solution is filtered. 

To develop, take 100 parts of water, 3c. c. A and 4 
cc. B, but if necessary, 4 pyro. more or 1c. c. less 
may be taken as mentioned in formula. Alum bath 
after developing is not necessary, but it will prevent 
frilling and yellow tint. When placed into the fixing 
solution, the lights will become darker. Bromide of 
= acts the same asin the potassium developer. 

he solution A can be used for the potassium developer 
as well as for the soda developer. 


Berlin, September, 1888. 
—Anthony’s Bulletin. 


PLATE EDGE PLANING MACHINE. 


THE accompanying illustration shows a plate edge 
planing machine, constructed by Messrs. Julias G. 
eville & Co., Liverpool, and intended for planing 


the edges of ship, boiler, and other kinds of plates up 
to 10 ft. long. he machine is provided with a strong 
cast iron bed, on which slides a carriage fitted with the 
tool box, which is arranged for planing square or 
angular work. The head is fitted with a spring revolv- 
ing handle, so as to eut both ways with an ordinary tool. 
Behind the machine is fixed a broad table, to which 
the plates under operation are secured by means of 
strong clamping screws, shown in the illustration. The 
vertical feed of the tool box is automatic. By means 
of the horizontal rod shown in front of the machine, 
the motion can be reversed from any place on the front 
side.— Industries. 


DREDGING BY SUCTION. 


capable of being lifted by means of a double frame 
established on the two sides of the well, and the wind- 
lasses of which are actuated directly by a smal] motor. 
In order to secure the rigidity necessary during opera 
tions, the pipe is guided by a frame which consists of 
uprights connected by cross braces and which moves 
in a slide placed between the uprights of the double 
frame. When the apparatus is not working, the pipe 
and frame are raised. In order to regulate the po 3 
sion of water into the pipe, the latter is provided with 
three slide valves, each sliding upon the same plate, 
containing rectangular orifices. hese valves are actu- 
ated by hand through a shaft parallel with the pipe, 
and which, through a screw thread, actuates the nuts 
fixed to the valves. 

The disintegrating apparatus have to be modified 


WE illustrate herewith a type of dredger which acts 
dredged material to a dis- 


by suction and forces the 


tance of nearly a thousand feet. This aqgnastnns 
which has been patented by the Vernaudon Brothers, 
consists essentially of a dredging pipe which lifts the 
material, and in front of which operates a shaft armed 
with knives. The pipe is connected with a centrifugal 
pump, which forces the material into floating pipes. 

The dredging pipe, which is 16 inches in diameter, is 
arranged in a well 35 feet in length and established in 
the axis of the dredger. It is connected with the con- 
duit that leads to the pump by a hinge joint, and the 
conduit is provided with an aperture through which a 
workman can quickly, and without stopping the pump, 
extract too large pieces of excavated material or stones 
that might damage the pump buckets. At its other 
extremity, the pipe is provided with a box that carries 
a frame cast in a piece with it, and in which are ar- 
ranged the bearings of the knife shaft. 


VERNAUDON BROTHERS’ SUCTION DREDGER. 


according to the ground operated upon. In argillace- 
ous sand and sticky clay, a shaft armed with a double 


set of knives is used. These knives, which are solidly 
keyed to a box, are helicoidal in form and the spirals 
run in opposite directions, so as to bring the material 
that they detach toward the orifice of the pipe. In 
cowpact earth, where no caving in is to be feared, the 
knife shaft is arranged at the extremity of the pipe. 
In muddy sand, it is well to establish the shaft at a 
certain distance behind the orifice. The knife shaft 
; receives its motion, through bevel wheel’, from another 
shaft parallel with the axis of the dredge pipe and 
resting upon it through the interme’lium of pillow 
blocks. his shaft is actuated by the principal motor 
through bevel wheels. 

The centrifugal pump is placed above the float water 
line. The result of this arrangement is that the power 
necessary for suction depends in practice only upon 
the difference in density between the surrounding 


As the pipe has to dredge at variable depths, it is 


water and the column of liquid charged with earth, 


IMPROVED PLATE EDGE PLANING MACHINE, 
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which rises in the pipe, thus permitting of dredging to 
wariable depths without sensible increase of motive 
power. The excavated matter passes through the 
pump and is forced into the floating pipes. These 
tter are of iron plate, with a patented flexible joint. 
The engine that actuates the pump and the shaft 
that transmits motion to the disintegrators is an up- 
right, surface condensing, and reversible one. It is 
able of developing a power of 120 horses with a 
velocity of 190 revolutions per minute. The generator 
is a tubular return-flame one of the Bizot type. When 
running normally, the consumption of fuel is at the 
rate of 24¢ pounds per hour and per indicated horse 


wer. 
mt takes but four men to operate a suction dredger— 
one to run the engine, one at the windlasses, one at 
the lifting frame, and a helper.—Le Genie Civil. 


‘THE NEW HOFBURG THEATER IN VIENNA. 


On October 14, the opening festivities at the uew 
Hofburg theater were celebrated. The building, 
technical arrangements, and artistic finishing of this 
new edifice occupied fourteen years. It might have 
been completed in a much shorter time, and the pa- 
tience of the public need not have been so severely 
tried, if the requirements had been less exacting, but 
the aim was to produce a model theater, a real triumph 
of Vienna art and skill. The chief architect was Karl 
von Hasenauer, the designer of the Universal Exposi- 
tion buildings, the Imperial Court Museum, the castle 
in the Lainzer Zoological Garden, and the new palace, 
and he has made a temple of art of the new Burg thea- 
ter, which is unequaled and will not soon be surpassed. 
He was enabled to attain this result by having un- 
limited means at his dis | and the co-operation of 
Vienna’s best artists and most skilled workmen. The 
$2,880,000 expended in the construction of the building 
were appropriated from the city improvement fund, 
to which Vienna owes also the Imperial Opera House, 
the new Palace, the Court Museum, the Maria Theresa 
Memorial, and the opening of many streets, ete. These 
improvements originated in the acquirement of the 
building ground made available by the removal of the 
girdle of forts between the inner city aud the suburbs, 
and on which the beautiful new Vienna has sprung up, 
on both sides of the Ringstrasse. Upon the completion 
of the new Hofburg theater, it was handed over to the 
government, which always controls and supports the 
imperial theater. 

Only a few privileged persons were allowed to see the 
interior of the building before the opening, and they 
could obtain only an incomplete idea of the whole, for 
everywhere the finishing touches were being put on. 
The whole beauty of the new temple of art was un- 
veiled for the first time on the opening night, which 
had been looked forward to with the greatest expecta- 
tion. 

It is well known that Semper helped with the design 
of the building, especially with the middle part, which, 
with its side wings, gives the theater its individual 
architectural character. Semper’s co-operation was, 
however, confined to the general form of the ground 
plan, the details of which were worked out by Hase- 
nauer, who should therefore be considered the architect. 

A description of the new Burg theater, even if very 
full and illustrated by cuts, could give only a very im- 
perfect idea of the beautiful, constantly changing 
pictures which present themselves to the eye. As its 
name indicates, the new temple of the muses is a court 
theater, and forms, in a certain manner, an annex to 
the residence of the monarchs. All its rooms, not only 
those reserved for the court, give an impression of a 
splendid palace. El t luxury, toned down by pro- 
ductions of pure and noble art, reigns everywhere. 
The monumental staircases leading to the boxes in the 
wings of the building are specially effective. Every- 
thing is marble, gold, color, light. The ceiling, deco- 
rated with beautiful frescoes by the youthful artists 
Klimt and Matsch, and relief pictures by Weyr, arches 
over the easy, yellow marble steps, which are covered 
with a dark red velours carpet, and at the upper end 
of which rises a triple triumphal arch with a high mid- 
dle portal and a group of statuary on the pediment. 
Stepping through the triumphal arch, in the side 
niches of which are Benk’s marble groups “* Beauty” 
and ‘“ Wisdom,” *‘ Poetry” and “Truth,” from either 
staircase we enter a vestibule, both of which open into 
the great lobby, the center of which opens upon a log- 
gia with a double row of columns over the main 
entrance, which offers a fine view of the Rathhausplatz. 
The chief ornament of this lobby, from which two buf- 
fet pavilions open, are the colossal ceiling paintings by 
Eduard Charlemont; the one in the center represent- 
ing Apollo and the Muses, that at the right ‘‘ Midsum- 
mer Night’s Dream,” and that at the left the scene of 
the sacrifice in ‘“‘Iphigenie auf Tauris.” The great 
lobby extends around the entire semicircle of the front 
part and is most magnificently finished. Portraits of 
dramatic artists are set in the walls; the chandeliers 
and side lights are gold-bronze, and the draperies, 
beautiful Gobelins. 

The emperor's box at the right, that of the archduke 
at the left, and the box generally used yd the court are 
connected with one another and with the apartments 
and,vestibules belonging thereto by staircases and pas- 
sages, the whole forming a masterpiece of decorative 
art. Inaniche in the middle of the emperor's gang, | 
Benk’s much admired Clytie in her bower of sunflowers 
stands on an onyx pedestal. This is the artistic gem 
of the new Burg theater. 

_ The auditorium is very elegant, the ceiling, which 
is only slightly arched, being decorated with paintings 
Hynais, of the Feuerbach school, and reliefs by 
eyr. Besides the parquette boxes there are boxes in 
the four galleries, and in the centers of the third and. 
fourth galleries are amphitheaters which are reserved 
for the poorer classes, who will not have to stand for 
hours before the gates in order to obtain a place where 
they can see, as they had to doat the Michaelplatz 
theater, beeause only numbered seats will be given 


modeled by Benk, runs on rails with rollers, making a | to keep themselves in the proper state of cleanliness to 
weather vane of the newest type, from which we see| preserve their health, but also allows them physical 
that in this building everything from the lowest to the|exercise. These baths are permanent swimming 
highest is represented in the most artistic manner.|schools. London has twenty-two of these establish- 
The reader is spared the enumeration of the statues, | ments, which are annually visited by 200,000 bathers. 
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groups. ete., which decorate the interior and exterior 
of the theater. 

Long may the Burg theater maintain its reputation 
of being not only the most beautiful, but also the best 
German theater.—/Jllustrirte Zeitung. 


A PUBLIC SWIMMING BATH AT REIMS. 


For more than half a century, the majority of the 
largest cities of Europe have been provided with im- 
proved establishments for hydropathy, and especially 
with public swimming baths. This sort of an estab- 
lishment permits the laboring people of cities not only 


Fig. 1—PUBLIC BATH AT REIMS. 


Most of these baths are provided with several swim- 
ming tanks, which are got up in a style that varies 
according to the purse of each special customer. Ber- 
lin has eleven, Brussels two, and Spa, Pesth, Hamburg, 
Bremen, Manchester, etc., have a greater or less num- 
ber, and that, too, independently of sea or river baths. 
Paris, too, in addition to the special establishments 
which float upon the Seine, to the great detriment of 
the scenery and river navigation, possesses several of 
these swimming baths, some of which have been in- 
stalled quite recently. 

The establishment which we illustrate herewith is 
now building at Reims under the direction of Mr. C. 


out. 

The stage presents a width of 36 ft. to the audience, 
and 33 ft. more are left at each side for the manage- 
Ment of the scenery, which is moved by hydraulic 
power. The arrangements for heating and ventilation 
are also of the best. The fresh air is drawn in from the 

k, and the foul air is exhausted through a ventila- 
in the ceiling, around which a colossal #olus, 
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Boesch. The promoter of the enterprise is Mr. Philippe, 
a Parisian engineer. 

The structure, which faces Buirette Street, is con- 
ceived in the Moorish style. It will have two stories. 
The ground floor comprises, upon the street, the hydro 
pathic halls and their dependencies (there are two dis- 
tinet services, one for each sex). At the rear is the 
elongated rectangular tank, provided with small rooms 
at the sides and a restaurant at the end, upon a plat- 
form. The second floor comprises bath rooms, a fenc- 
ing hall, wash rooms, dressing rooms, etc. 

The structure is to cost, as a whole, the sum of 
$19,612.—La Semaine des Constructeurs. 


ELECTRICITY AS APPLIED TO MINING.* 
By FRANK BRAIN, M.E. 


Tuts isa paper from the mining engineer’s stand- 
point, briefly sketching the known applications of 
electricity to mine working up to the present time. 

The writer regrets there is little to add to what 
has already been made public. He cannot but express 
surprise that a power which it is apparent has now 
passed the range of experiment, and. is developing it- 
self economically and efficiently, should not have been 
made greater use of than appears to have been the 
case hitherto. The recommendations of the Mines 


ground pumping of the colliery. As the writer has 
been directly concerned in the working of this plant, 
a brief description of the last installation may be 
interesting. 

The pump, a double-throw 9 in. plunger, with 16 in. 
stroke, is fixed 2,200 yards from the generator and 1,650 
yards from the bottom of the pit shaft. The pipe wain 
is 7 in., and at a maximum speed of 25 strokes the 
pump lifts 120 gals. per minute 300 ft. high. It is geared 
6 to 1, the small pinion being driven i a belt from 
the motor (an Elwell-Parker). Current is conveyed to 
the motor by a conductor of nineteen No. 16 wires, in- | 
sulated and carried on earthenware insulators. An/| 
old 4 in. iron wire rope serves for the return current. 
The current is 43 amperes and the E. M. F. 320. The 
cost of engine and electric plant was £644. The weekly | 
cost of maintenance, allowing 15 per cent. for interest | 
and depreciation on plant, £7 17s., or 0°002 of a penny | 
per H. P. per hour, and the economy effected about | 


£500 per aunum, The power lost and useful effect in 
the different stages is as follows: 
Indicated H. P. of Steam Engine 29°49. 

Received b Loss in Useful effects. 
Generator. 23°00 Steam engine. .22 per cent. 78 per cent. 
Cables... ...18°44 Generator. 80 
Motor... ..14°90 
Pump...... 1199 Motor.........20 so * 
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Commission, and the passing of the more stringent coal 
mines act of 1887, have both stimulated mine managers 
to inquire into and recognize the advantages of electri- 
city for blasting and lighting. By means of a small 
hand magneto-battery and electric fuses, all the shot 
firing in most of the fiery collieries is now done, the ex- 
plosive used being one of the many lately introduced, 
which, fired by an electric detonator, gives off no flame. 
Dynamo machines at many pits are used for lighting 
the surface and main roadways of the colliery, and this 
current has been also used for the purpose of shot firing, 
notably at Ynyshire Colliery, Rhondda Valley, South 
Wales. All the shots are fired in this way simultane- 
ously, with every man out of the pit, thus putting loss 
of life beyond possibility. This adaptation, it should 
be said, however, is protected by a patent. 

The adoption of the electric lamp in place of the well 
known safety lamp is now very strongly advocated. 
There are several in the field, notably the Swan and 
Pitkin, secondary batteries, and the Schanschieff, a 
primary battery. The South Wales Institute of Engi- 
neers (who have referred the matter to a special coim- 
mittee), with other kindred societies, have lately had 
these and other lamps put before them, and several 
colliery engineers are practically testing them. One, 
Mr. G. W. Wilkinson, of Risca, has in daily use several 
hundreds, and so satisfied is he with their results that 
he has ordered a further number for other collieries of 
his. The lighting of the main road ways by electricity 
is common in many mines. Mr. Sopwith, of the Can- 
nock Chase Collieries, who, it will be remembered, read 
a@paper in connection with the 1886 meeting of the 
British Association on the subject, informs me his 


poss. which has since been extended, continues work- 
ng well. He has lately introduced large accumulator 
cells to supply twelve-volt lamps in various parts of the 
colliery workings, where moisture and a very bad roof 
had to be contended with. He found there was no 
difficulty with the leads, and the result was in every 
way satisfactory. 

The applications of electricity to transmission of 
power are confined to a few collieries. so far as the 
writer knows, in Great Britain, to three only, viz.: 
Ena onlin Forest of Dean ; St. John’s Colliery, 
Normanton; and Allerton Main Colliery, Leeds. At 
Trafaigar, what was a very small pumping plant start- 
ed in December, 1882, developed in May, 1887, into 
three sets of plant, doing the greater part of the under- 


* Paper read before the British Association at Bath, 
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The efficiency obtained throughout is only 35 per 
cent., but it will be noticed the engine, which is an old 
one, loses 6°49 H. P., or 22 per cent. alone. This plant 
has worked daily since May, 1877, without interruption, 
and is giving every satisfaction. 

Figs. 1 and 2 are views of the pump, showin 
nection with the motor, and of the leads 
underground roads. 

Fig. 3 isa diagram divided into 22,000 watts (29°49, the 
indicated H. P. of engine), showing the percentage of 
loss at each stage, commencing with the engine, and 
also the effective work (35 per cent.). 

Fig. 4 is prepared in a similar way, but takes the H. 
P. delivered to generator (23°0) as its starting point, 
thus showing the proportion of power given off by 
steam engine belt used to lift water to be & per cent. 

Fig. 5 shows the useful effect obtained at the various 


stages. 

At St. John’s Colliery, Normanton, 39 gallons per 
minute are raised 530 ft., equal to 6°3 H. P. work done. 
This is with an old girder engine which indicates 14°2 
H. P. The efficiency, therefore, is 44:4 per cent. This 
— commenced working in the latter part of 1887. 

n the early part of this year (1888), so satisfied were 
the owners of the colliery with its working, that they 
laid down what is at present the largest electrical 
pumping plant in England ; 120 gallons per minute are 
raised 900 ft., equal to 33 H. P. nearly. The engine 
has not been indicated, which is to be regretted, but 
there is an output of 53 H. P. from the generator, so 
that the efficiency, comparing the actual work done 
with the output of the dynamo, is about 62 per cent. 
The current averages 66 amperes with an E. M. F. of 


its con- 
ong the 


600 volts. Immisch motors are used here. These ex | 
tensions speak for themselves. 

At Allerton Main Colliery very small quantities of, 
water are being dealt with at inaccessible points, the 
power being taken to the motorsin secondary batteries 
charged at the surface and conveyed in the colliery 
tubs. Mr. Biackburn, the manager of these collieries, | 
has also in work a coal-cutting machine. The motor is 
carried upon the bed plate of the machine, a rotary mo- 
tion being transmitted to the shaft carrying the cutter 
bar through gearing. The current is conveyed to the 
coal face from the dynamo placed on the surface by a 
flexible cable. 

The author alluded to the use of the electric current 
for hauling purposes at the collieries of Zankerode, and 
Paulus, and Hohenzollern, in Germany, and the Stass- 
furt salt mines and the Salzberg wor to 


Australia, he said the only installation he could trace 
was that at the Phenix Gold Mines in New Zealand 
In America the use of electric motors if much more 
extended than with us. The electric light companies 
hire them out for varied purposes, their large central 
lighting stations enabling them to do this to great ad- 


Fie. 3. 


van Horses on street tramways are being fast re- 
placed by the electric locomotive. For example, in one 
city alone—Richmond, Va.—with grades of 3 to 10 per 
cent., 200 cars driven by Sprague motors on the over- 
head conductor system are running daily, carrying some 
80,000 passengers per week. It is stated that the econ- 
omy, as compned wits horses, is 25 per cent. on gross 


Fre. 4. 


receipts. It is but lately that attention has been turn- 
ed to mine work ; but now they have commenced with 
the push and spirit of enterprise which is a distinguish- 
ing feature with American engineers, we find them 
making great progress. At Silver City, Idaho, a 
Sprague motor is driving a fifty-stamp will four miles 
away from the generator. The latter, which gives off 
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75 H. P., is driven bya turbine. It is stated by the 
manager of this mine that he saves on the haulage of 
his ore alone $90 per day. At Veteran Tunnel, Aspen, 
eee sets of rope haulage drums are working 
with 10 H. P. Sprague motors, and a third is being 
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erected. These draw six tramsat the rate of 500 ft. per 
minute up a 3 per cent. grade. The Lykens Valley 
Coal Company, at the Short Mountain Colliery, Pa., 
in the autamn of 1877, started an electric locomotive, 
which has since continued doing good work. The mo- 
tor, a 25 H. P. Schloesinger, is connected to the locomo- 
tive wheels by chain gearing, and after six wonths’ ran- 
ning the teeth of the pinion show a wear of only ;; of 
aninch. It receives thecurrent through aside conduc- 
tor from a 50 H. P. generator. The length of the track 
is 6,300 ft., and is hauling daily at a speed of from six to 
eight miles per hour, some 500 tons per day. The time 
taken to make an all-round trip is about fourteen min- 
utes, as compared with fifty minutes when mule power 
was employed. 

The most stupendous set of electric mining plant in 
existence, so far as the writer knows, is now working at 
Big Bend Tunnel Camp, Butte Co., California. A tun- 
nei, 16 ft. by 12 ft., and two miles one-third long, is cut 
from the Feather Riverthrough the mountain. A per- 
manent dam is built across the river just below the 
head of the tunnel, by which the river is diverted from 
its channel, and made to flow through the tunnel, thus 
drying up the bed of the river. A canal, two miles long, 
is constructed from the tail end of the tunnel, by which 
a fall of 300 ft. is obtained. Here powerful Pelton 
water wheels are fixed, driving the dynamos (Edison’s). 
The working E. M. F. is1,000 volts. The conductors are 
double, metallic, and extend a distance of 18 miles, 
delivering electricity at 14 different points in the cir- 
euit where power is required for winding, pumping, 
ete. Some 10 to 20 Sprague motors, varying from 5 to 
50 H. P., are worked by branch conductors from these 
various stations. The tential at the motors varies 
from 500 to 700 volts. It is apparent where water pow- 
er can be thus applied. The saving, when compared 
with the use of fuel, is very considerable, especially so 
in metal or diamond mining districts where coal is ex- 
pensive. The ease with which any power can be con- 
veyed over hill and dale and into the intricacies of the 
mine—these are factors of no mean importance. 

It will be seen by this review of the more important 
applications of electricity to mining at present in exist- 
ence, how very little progress, comparatively speaking, 
has been made in this respect ; and yet it is proving, in 
every instance where it has been adopted, a commercial 
success, and its application has been invariably extend- 
ed. No doubt want of familiarity deters some engineers. 
They look upon electricity as a new idea, a something 
which cannot be explained, and as not to be relied upon 
when compared with steam, compressed air, water un- 
der pressure, and other well-known applications of 
power. The drawbacks and shortcomings of these are 
admitted, but yet they are preferred because of their 
certainty of action and known properties. Many look 
upon electricity as yet in a transition stage, but it is 
not so. The efficiency of the machine is now so great, 
the price so moderate, and men of such high standing 
and repute are now engaged in their development, that 
there need be no fear or hesitancy. Electricity has 
passed beyond the range of theory and experiment. It 
is now a power in the world, and that power will in- 
crease mightily. The writer will be amply repaid if, 
by the perusal of this réswmé, any of his fellows are in- 
duced to take up the matter for themselves. He is sat- 
isfied that under many conditions common in mine 
working electricity can and will be applied successfully 
and economically.—Hlectrical Engineer. 


A SIMPLE SWITCH AND COMMUTATOR FOR 
BATTERY USE. 


In the handling and use of a galvanic battery of many 
cells, or a plant of storage cells, it frequently happens 
that the operator has need of a means whereby he can 
throw in or out of the circuit more or less cells of live bat- 
tery, either to vary the strength of the current for exper- 
imental purposes or because one or more cells may be- 
come defective while in use, and during a time when they 
cannot readily be repaired or removed. Where no provi- 
sion is made for this purpose, and wires and connection 
are all that are at hand, much trouble and time are ne- 
cessarily used in making the changes and to vary the 
connection. It was to obviate this that the writer de- 
vised and constructed the following described arrange- 
ment, and in long use he has found it to answer all re- 
quirements, and to so greatly facilitate changes in con- 
néction when they had to be made, as to more than pay 
for the time and expense of its coustruction. 

For a battery of twelve cells twenty-four pieces of 
sheet brass were got out of the form and size shown 
in the illustration (see Z and C). These were fas- 
tened to a board—any good dry hard wood will do—got 
out to size as shown, and each piece was held in place 
as shown by the screws, A. The screws at the outer 
ends of the plates were provided with copper burrs as 
shown, to provide good clamping power to hold the 
wires, as will presently be deseri 5 

The holes, E, were then laid out and drilled through 
the plates and into the wood. These holes are simply 
to hold the pins to be described when not in other use, 
as well as to make connections. 

The holes, D, were then drilled between the plates in 
the positions as shown, and well into the wood. 

The above covers all that is absolutely necessary for 
the practical operation of the commutator, and repre- 
sents the first one tried by the writer. The double 
switch shown at the top of the drawing was an after 
thought, and, though it greatly facilitates throwing in 
more or less cells, is not absolutely necessary. 

Having constructed the commutator so far as de- 
scribed, let us see how it is connected and used. 

To connect it, wires are brought up from each zine 
element (in a storage battery from elements all of the 
same sign), are passed through the holes marked H, and 
are made fast under the end screws in the plates marked 
Z. Wires from the earbon plates are in a similar man- 
ner brought up and fastened under end serews of plates 
— C, the wires in each case being first bared and 
cleaned, 

To connect the battery in series, a set of pins similar 
to those in use with rheostat having first been made, 
a pin isinserted in each of the holes marked D, between 
thealternate plates marked Z and C, and the termirials, 
also provided with pins, are inserted, one in the first 
plate marked C, the other in the last plate marked Z; 
this will throw in the whole battery, and more or less 
of the entire number of cells can be put in cirenit by 
shifting either of the terminal pins so as to plug in as 


many or as few as may be wanted. It is also obvious 
that the cells plugged in may be at either end or in 
between the terminals, at the will of the operator. 

So far for simple series connection. Now suppose we 
wish to connect up two for quantity and six for inten- 


sity. 

the first and every alternate pin as arrang- 
ed for the series connection between the plates, Z and 
C, and insert pins between the first and second, third 
and fourth, fifth and sixth, and so on plates marked 
Z, and the same for similar plates warked C. We then 
have the carbons connected together by pairs, likewise 
the zines, while each pair is coupled in series by the 
alternate middle pins between pilates, Z and C, and as 
many or as few of these pins can be plugged in by 
shifting the terminals as before for the series connection. 

So with this commutator we can connect as many 
cells for quantity or intensity, or both, as we may wish, 
within the number twelve, as 2 and 6, 3 and 4, 4 and 3, 
6 and 2, as well as 1 and 12 or 12 and 1. 

The double switch shown at the top of the drawing 
consists simply of a switch bar marked 8 (shown 
turned to one side to simplify the drawing), pivoted us 
shown, and provided with an insulated handle. Twelve 
contact points are provided for each, arranged in the 
are of a circle as shown, and connected as shown by the 
dotted lines, one set of contacts being connected in re- 
gular order to the plates marked Z, the other set in 
like manner to the plates marked C. These wires will 
cross each other under the board ; but if heavy and 
well insulated wire is used, there will be no trouble, and 
after the first set are in place a piece of heavy sheeting 


ean be laid over them, and varnished down with} te 


shellac before the other set of wires is placed. 


struction of the one described would also be less than 
for the cylindrical form. 

It is obvious that there is no limit as to size or the 
number of cells that can be covered. The writer bas 
one for a twenty-four cell battery as easily handled as 
another for only eight. 

Another point which recommends this commutator 
is the readiness with which a cell may be cut out. 

Every well arranged plunge battery should be ar- 
ranged to easily lift out any cell at any time, or to 
leave those cells not needed for use without immersion. 
This is easily and simply done where there are no con- 
nections to break, as is the case when this commutator 
is in use. If each set of elements is provided with a 
cap of its own, instead of all being fastened to one cap, 
and these caps are hung in a rack to raise and lower, 
it is obvious that any cell can be removed at any time ; 
for the element can be lifted out independently of all 
the rest. By providing each cap with a swivel hook, 
one or more sets of elements can be left suspended while 
the rest are plunged, by simply catching the hook over 
the windlass spindle. 

All these operations are greatly facilitated by the use 
of this commutator. There are no cross connections 
to be broken or shifted, and the connections to the 
commutator would only have to be broken in case a set 
of elements had to be removed to be repaired. 

The publication of the description of a simple elec- 
tric motor has called forth a great amount of inquiry, 
showing that a great interest has been taken in the 
motor, and consequently in plunge batteries. It is to 
help these inquirers out that the above has been writ- 


Care shouid be taken to use as heavy wire as possi- 
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A SIMPLE SWITCH AND COMMUTATOR FOR BATTERY USE. 


A blank contact for each switch is also provided, not 
as an essential, but for a point to put either switch to 
eut out the whole battery. 

Binding posts, P, are also provided, connected to 
switch bar through its pivot as shown. 

As said above, these contact switches are not neces- 
sary, but are convenient. Placing one switch on the 
contact marked 1, as many cells may be cut in as may 
be wanted by turning the other switch bar to contact 
with point called for,as Nos. 6, 8,9, 11, 12, the switch 
simply replacing the terminal plugs and their with- 
drawal or insertion in the holes, E. 

Where a plunge battery is used, the wire from zincs 
and carbons can be easily placed by winding into a 
closed spiral. Heavy wire, well insulated, should be 
used, to reduce resistance as much as possible. These 
flexible spirals allow the battery to be raised and 
lowered without interference. 

The beauty of this commutator is that the wires once 
fastened, no farther alteration has to be made, and no 
wires to be shifted or unfastened. All changes are 
made by plugs, and are easily and rapidly performed. 

With such a commutator the writer has been able 
to readily study the difference in current as supplied 
toa motor, while the motor was running. By making 
the changes in regular order, the current need not be 
broken at all, and various combinations for quantity 
and intensity could be made to find by actual trial, 
while in motion and working under a load, what was 
the best combination for the work being done by the 
motor. 

The writer is well aware that the old form of cylindri- 
cal commutator is admirable for itspurpose, but it is 
mainly, as ordinarily made, for changing the whole 
battery from intensity to quantity, or the reverse, 
and no provision is made for the various combinations 
as above shown. It was this want of accommodation 
on the part of the cylinder commutator that led to the 
construction of that described above ; the cost of con- 


ble in making all connections—No. 14 is about the 
right size—to have the brass plates of good cross sec- 
tion, and the pins clean and waking good contact and 
then there need be no fear of introducing any undue 
resistance by its use, the only point the writer knows 
that is against its use. C. D. PARKHURST. 


IMPROVEMENTS IN DYEING, TISSUE PRINT- 
ING, AND BLEACHING DURING THE SEC- 
OND HALF OF 1887. 

By Dr. PauL JULIvs. 


THE author notices in the first place artificial colors 
for cotton. Since it has been found that certain azo 
colors dye cotton without a mordant, all manufacturers 
seek to add to their number. The investigators follow 
two distinct methods: Some endeavor to substitute 
for the bases already known as producing cotton colors, 
such as benzidine, tolidine, dianisidine, etc., other new 
amines. Others seek among the number of phenols, 
amines, and their sulphonic or carbonic compounds for 
those which have not been already claimed by prior 
inventors, and they thus derive new colors without 
scientific effort. Among the principal cotton colors 
lately brought out during the latter half of 1887 are 
the rosazurine G and R and heliotrope of the company 
formerly Fr. Bayer & Co. They bear acids well. The 
colors produced by the Berlin Aniline Company under 
the names Coaogo brilliant G and R are also relatively 
fast to acids. Fr. Bayer & Co. produce a benzo-pur- 
purine 6B. Casella & Co., of Frankfurt, have intro- 
duced anew cotton red under the name of diamine 
red 8B. Deltapurpurine is a mixture of the color » sa 
named and a dye verging on Congo brilliant. Fr. Bay- 
er & Co. and the Berlin Aniline Co. have brought out 
a new cotton yellow under the name of chrysamine R. 
The black violet of the Baden Aniline Co. behaves on 
the fiber in the same manner as Congo and benzo-pur- 
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urine. Acids turn it to a blue-black, but do not strip| In other words, he meant to say that his process con- 36 per cent. of the milech cows of the United King. 
fe. With basic colors it plays the part of a mordant. | sisted of the two distinct operations of obtaining from | dom. i 
The number of colors prepared with diamido-stilbene- | beef fat, at a low temperature, a pure, sweet oil with-| 2. Our butter trade has diminished through want of 
disulphonic acid is still more considerable than that of | out smell or taste, and of churning with this sweet oil| uniformity in quality, and not being able to continue 
the Congo group. Leonhardt & Co. have thus brought | milk or cream for the manufacture of artificial butter. | a regular supply in winter as well as in summer. 
out so-called Hessian yellow, violet, and purple. These| From this beginning has sprung the large margarine| 3. That individual effort cannot bring back our trade, 
colors are injured by the smallest quantity of a salt of | manufacture, and of which substance we are very large | but it must be done through some form of co-operative 
copper, and fave to be dyed in wood or tin pans. The | consumers. combination, as in France. 
(Berlin?) Aniline Co. has patented colors derived from Formerly this oil, or ‘‘oleo” as it is now called, was; 4. That skill must be brought to bear on the feedin 
stilbene and playing the double part of dyes and mor-|a by-product in the production of stearin for stearin | of cattle, the treatment of the milk and butter, — 
dants. Brooke, Simpson & Spiller have produced | candles, but now the oleo is in greater demand than| scrupulous care exercised to make up the butter for 
rimuline yellow, which dyes cotton at once in a boil-| the stearin for the manufacture of artificial butter.. A | market in the most convenient and attractive manner, ‘ 
ng bath, and which may be converted on the fiber by | new outlet is found for the stearin in the manufacture 5. That the skill required should be imparted at the 
special treatment into “ingrain red” and “ingrain|of “refined” American lard, which is composed of | expense of the government through dairy schools and | 
orange.” The Berlin Aniline Co, announce that all| lard, stearin, and cotton seed or earthnut oil, and sent | similar means, and that every effort should be made to . 
the * Congo” colors and the derivatives of stilbene fix | in large quantities into this country. The oieo is thus| carry out such methods of instruction as will in the : 
themselves upon wool ata boil. The process is very| manufactured; The thick and thin fat of bullocks is| cheapest and best way take the education to the far- 
slow, but the shades are absolutely fast to the most | obtained in a perfectly fresh state from the slaughter | mer at his farm, as is done in Denmark, and not com- 
severe fulling, Casella & Co. also send out two fulling/ houses of Paris, London, and other large cities. The/|pel the farmer to leave home to be educated.—Jovr, s 
reds, which are not very beautiful. The Baden Ani-| fat is selected with very great care, and allowed to cool ety of Arts. I 
line Co. produce rhodamine, a color belonging to a till It 
novel group. By its basic character and its dichroism | small pieces to rupture the cellular tissue, and put in 
it benders om the saffranines, but it is distinguished | mills with toothed rollers to tear the tissues still more, ON THE INFLUENCE OF SULPHUR UPON t 
from them by the color of its solution in monohydrated | to allow of the free flow of the oleo. The torn fat is EGGERTZ’S CARBON COLOR TEST. a 
sulphuric acid, which is brown, and not blue or green. | then put into steam-jacketed boilers, and gently heated By T. W. Hoge . 
J. Walder prepares a novel anthracene color by the| to a temperature not exceeding 122° Fahr. for about an ’ Marrs ; c 
action of anthraquinonedisulphoniec acid upon sodium | hour and a half, but no water is allowed to enter the! IT is now pretty well known that Prof. Eggertz’s - 
nitrite. The Baden Co. sell an alizarin black which| boiler. The fat that will ran off at the end of the|simple process for the colorimetric determination of " 
resists light better than the logwood blacks. J. R. | operation is drawn off by a siphon, and the residue left | carbon in steel is open to many sources of error. 7 
Geigy produces two new vegetable colors, xanthaurine|in the boilers is then mixed with mutton and other In the first place the color intensity of a solution of 
and anthracine. These extracts, with mordants of | fats, and the product sold for soap making. steel in nitric acid of 1°2 sp. gr. does not depend entire- 
acetate of chrome, alumina, or salt of tin, yield all the| The proportion of melted fat fit for oleo is about 68|ly upon the quantity of carbon which may be present, \ 
shades from pale yellow to old gold. Zulz affirms that | per cent., for soap and candles 20 per cent., and 17 per| but also so much upon its condition that in some spe- 
Indian yellow is probably a product of animal exere-| cent. is lost in waste material. So rapidly is the work | cial cases the results become quite misleading. Again, I 
tion.—Moniteur Scientifique, Quesneville; Chem, News. | performed, that frequently the fat of animals killed in | the coloring matter which gives to the solution its pe- 
ereeeeeem the morning is in the evening made into oleo. culiar tint is so extremely sensitive to external influ- \ 
> , a The siphoned oleo above mentioned is allowed to re-| ences that serious errors occasionally arise from the 
[Procerpines Enoinrers’ CLUB or PHILADELPHIA.) main in the tank two hours, to admit of the sinking of | neglect of certain necessary precautions. The other E 
MILLIMETRES AND EQUIVALENTS IN INCHES. the refuse. The purified fat is permitted to cool slowly, | elements usually present in steel are generally supposed 1 
Vinci Sheneienemn: Cideectinin Cet. Wee and when hardened it is cut into pieces of about 2 |b. | to be without any influence upon the color test, and, 
nae , : weight each, and each piece is wrapped in a strong] so faras I have been able to find, the only experiments 
cloth, and submitted to hydraulic pressure to separate | bearing upon this point have been conducted by Prof. B 
anes ane the olein from the more solid stearin. The proportion | Eggertz himself, and an account of them may be found D 
a] of olein is about 66 per cent., of stearin 33 per cent.;| in the Chemical News, vol. xliv., p. 178. 
metres.| motres.| | 22. | loss 1 per cent. Among the substances examined is the element sul- 
Bquivalents. |S os| soe Bquivaleats. | 3 >3) 352 The oleo is allowed to cool in a darkened room, hav- | phur, and in order to ascertain the influence of it, 0°001 
EM SiEMs eat it ¢ |ing a temperature of about 58°, and in six or eight| grm., in the form of magnesium sulphate, was added 
s)|__* |\—= | hours the oleo is ready for the margarine factory. The| to 0°1 grm. of iron dissolved in 2°5 ¢. c. of nitrie acid 
a cove? margarine is made in different ways, but the most ap-| and 25 ¢, c. water—‘‘the sulphur was found to be with- 
onn| al™ al 2.04724 al, proved quality is thus manufactured: A certain quanti- | out any influence.” 
3 | | milk is putin the churn, then oleo atatemperature| It is quite evident, therefore, that the above conclu- 
ai 2.16838 of 103°, earthnut oil, and butterin lumps in the pro-| sion rests entirely upon the assumption that the sul- b 
6 ce | 56 2.20472) 242), 24% | portion of from five to fifty per cent. Annatto extract| phur, which of course is present in the steel as a sul- in 
- gm awl a a eo a onl 2g, |is added for coloring. The churning takes place at | phide of iron, is oxidized to SOs, and will be present in 8 
9 u | jo 2.92283 2% (86° Fahr., and lasts about an hour. When _ the| the solution as a sulphate. te 
| hk churning is completed, the contents of the churn pass} From the fact that the quantity of sulphur usually al 
12) | through a sluice of wood into a vat, and the contents | present in steel is very small, and that it is exposed for p 
13 7 oust sus @ a i a - cal 2; | Of the sluice are, in passing down, artificially cooled by | a considerable time to the action of hot nitric acid, it ti 
6 09085 2.55906 ice cold water. This operation granulates the liquid} may be very reasonable to make such an assumption, w 
ee 2002) a 4 a , on nag tay *4 | margarine, and between 40° and 50° Fahr. the marga- but that it is not quite the case any one can soon sat- §] 
, % 70866) at! | 24 | rine hardens and aggregates. It is then worked, salted, | isfy himself by experimenting upon any special steel 8} 
ml “pes and prepared for market. This industry is a very large| containing a considerable quantity of this element. it 
a err asim jin 2.79087 or] one, aol it is computed that 40,000 tons of oleo, olein, | The sulphur is really liberated as such, and remains tl 
°8 | or oleomargarine, are imported into Holland annually. suspended in the fluid, thereby communicating to ita 
ol 9445s 74 24) tat The — demand which has sprung up for this pro- | certain turbidity or milkiness, particularly striking in of 
25 oo 98425 ne a. % mes cul’ duction has naturally caused agriculturists in every | the case of low carbon or *‘ mild” steels. This peculi- 
27 1.06299 lie live 3.08149 Say country to be opposed to its manufacture and sale. If| arity enables one to select from a miscellaneous lot of a 
“hes | always sold under its own name, there is no ground for | samples all that are likely to be abnormal in the pro- is 
Po nis | 1a 80) 34 | complaint ; but it has been proved that in some coun-| portion of sulphur. di 
a /.23047 I, i 3.18897 Se tries, notably in France, about twelve months ago,| Pure Swedish steels which contain mere traces of £0 
4 | certain brands of butter were made up with different | sulphur dissolve in nitric acid of 1°2 sp. gr., and after of 
M 1.ssase) 144) a 3& | proportions of margarine, and this adulterated butter} the usual twenty minutes heating in boiling water are in 
sult | found its way into London and other large towns. The | always found to be perfectly clear and brilliant ; com- tk 
37 1.45669 pam he 3.42519 Sy French government has now stopped the adulteration, | mon steels, in which the sulphur may reach, say, 0°05 ti 
has ‘# | but in almost all countries where butter is a staple ar-| per cent., give a solution so decidedly different in clear- ce 
40) 1.6748 | 193) 90 su|_ 34 | ticle of trade restrictions are put upon the sale, and | ness that they can be readily distinguished from each fo 
a a sometimes on the manufacture, of margarine. In the| other. More noticeable still does the influence of the de 
43 a Ww Mh 3.66141 oT United States all manufactories have to be licensed, | sulphur become when it is present to the extent of 0°1 pe 
e “4 ones roan” 1" © oe jy | and a duty is put upon it. The effect of the legislation | to 0-2 per cent., and in a ‘‘steel” with 0°50 per cent. it ge 
: L.sti0a) 144) 6 s# | has been that the export trade in it has practically died | is quite impossible to make any satisfactory adjust- mn 
|OUt, and other countries, not so handicapped, have | meut of the tints. bi 
is snes | monopolized the business. In the experiment tried by Prof. Eggertz, and re- th 
301 1.9686 | 100 i In Germany, the mixture of butter with margarine | ferred to above, the sulphur added as wagnesium sul- 
is absolutely In Holland, Belgium, Den-| phate is to one if a steel” in 
ha eae mark, Scandinavia and Russia, special enactments are | containing this quantity had been used, instead of find- 1 
OLEOMARGARINE IN GREAT BRITAIN.* in force, different in each pone ey it is true, but yet| ing it to be witheat any influence, it would have been 15 
THE quantity of margarine imported into Great | Very restrictive in all. The Danish laws against general | found quite impossible to compare it with any ordinary FP 
Britain, principally from Holland, during the last three | *’ade misrepresentations are very severe, and, up to standard. , > by 
years is as follows : 1834, were punishable by imprisonment from five days} A very simple experiment showing how the color esti- tk 
x ~ to two years, with a diet of bread and water. In 1885, | mation is influenced by the presence of suspended mat- 
ee 7,263 cwt. margarine was exempted from this law, and speciaily|terin the liquid, may be tried by taking a highly di- 
886,573“ dealt with. Fines can be imposed under the present|luted solution of ammonium sulphide to which an 8 
1,278,005 ** law, to coupled with the confis- of acid has been added; this solution will 
: Ini cation of the offending article. quite milky, owing to separated sulphur. If nowa , 
Se In the United Kingdom a margarine act came into| sample of pure Swedish steel be dissolved in the usual tr 
its manufacture and sale, and its manufacture has sub-| OPeration on the first day of this year, but up to the| way and divided into two equal portions, and to one of fe 
sequently been diverted mainly to Holland. The his-| Present time the imports of margarine for the year| them a drop of the above solution is added, an imme- ce 
torv of the manufacture of this butter substitute is| 2@ve been larger than during a like period in any pre-| diate increase in the color intensity will be observed of 
somewhat remarkable and sensational. It has been | V!0US year. ah when the tubes are examined from above as they are B 
long contemplated by chemists that the fat of the cow|_, The act gives a legal definition of butter and marga- | held over a mirror. : F , ve 
might in some way or other be made to act as a substi- rine, and offenses are punishable by penalties not ex-|_ Not only is the color intensity altered, but the bril- pI 
tute for the fat found in the milk of the same animal, | ceeding £20 fora first, £50 for a second, and £100/liant amber-colored solution will be found to have de 
While the composition of animal fats was not known, for a third or subsequent offense. Inspectors have | acquired a distinctly browner hue, and this suggests su 
speculation in theories of substitution was common power to visit factories, which must be registered, to| that, apart from the difference of color quality, due to al 
enough, and in 1869 M. Hippolite Mége, of Paris, was obtain samples from shops and factories without pur- slight variations in the condition of the carbon, sul- is 
induced, by the pressing necessity for a regular butter chase, and to do other things considered necessary for | phar possesses an important influence in this respect. Re 
substitute supply during the German invasion, to turn controlling the legal sale of margarine. ‘ Another interesting experiment is to take the solution {9 
his attention to the subject. In that year he took out Much of the margarine imported into the country is | of a common steel containing 0°05 to 0°1 per cent. of hee 
a patent which had for its object the making of neutral carefully made, nicely packed, and much cheaper than | sulphur and divide it into two equal perens and filter In 
prodnets new by their nature. His invention was bad butter. The article so made is of very good value, | one of them ; if they are now carefully compared with ak 
said to be based on the deductions of modern science, and it is not likely that the changed name will greatly each other, the result of the observation will be some- th 
which proves— prejudice its consumption so long as the quality is what astonishing to those who may be under the im- te 
1. That odoriferous coloring matters, volatile and be-|™#lutained, There are low qualities which seem | pression that their estimations are reliable to within Ae 
coming rancid, do not pre-exist in the natural fats seareely suitable for the use of man, but, on the other | one or two hundredths per cent.; the two solutions will th 
called suets. hand, there is butter placed on the market possessing | be different both in quality and intensity. I would pl 
2. That they are developed by the action of the or- the most objectionable smell and flavor, and the trade | here point out that when an attempt is made to adjust ne 
ganized tissues under the influence of fermentation, | ®*8""¢ me that margarine, even of poor quality, can be| the tints of two colored solutions differing slightly in cu 
heat, or chewical agents. ’| sold more readily than such butter, because its flavor/|clearness or quality, if only a small portion of the a 
3. That the fats of milk called butter are only fatty | does not rapidly deteriorate. Instances have been/| liquid be looked through, as is done when looking 
bodies from fat wodified first by its cellular tissue, sec-| *20W® in different parts of the country of farmers| across the tubes, the observer is often easily satisfied 
ond by the organized tissues of the udder. | buying this article to adulterate their own butter, the with his comparison ; but if, after having apparently 
In applying these so-called facts industrially he for- | @ixture being sold as genuine fresh butter. It readily | adjusted the tints of the liquids in this manner, he will se 
mulated his process thus : | lends itself for such an admixture, but such a trade is look through a much greater depth of the fluid, his Ca 
1. From suet is obtained a virgin fat, with odor or — immforal, and, when discovered, does more | self-satisfaction will often disappear ; the fact is that th 
smell of fat, and like most fatty bodies. t —_ to the home dairy farmer than can be well imag-| two ee ee even slightly in quality, § . 
2. A variety of true butter taken at its sour 1 —— - can never be exactly equalized. © 
as in ~nlinads lactation, and superior pane Serene What has been said respecting our butter supply} This subject is one of great importance on account E 
milk by the length of its preservation. may be thus summarized : - ‘ of its bearing upon the question of the proper selection al 
oe ee: 7 1. Butter and butter substitutes are imported equiva-| of standards, and in conclusion it may be of interest to ~ 


lent to the produce of not less than 1,400,000 cows, or note that if a common steel is compared with a stand- 
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ard of pure Swedish, the color intensity is sure to be 
overestimated, and if the standard isof a common cr 
impure steel, the estimations in the purer saiuples will 
be too low.—Chem. News. 


SOLUTIONS OF CAUSTIC SODA AS TRANS- 
MITTERS OF HEAT. 


EXPERIMENTS have been made - Ing. Paslo Or- 
lando, who wished to ascertain whether concentrated 
solutions of caustic soda heated to boiling could, in 
virtue of the heat stored up in them, be employed for 
the evaporation of liquids ; and as a preliminary step 
in this investigation, he deemed it desirable to deter- 
mine the boiling points and specific heat of caustic soda 
solutions of different degrees of concentration. For 
this purpose weighed quantities of the caustic soda 
solutions were raised to the boiling point in a detached 

rtion of the calorimetric apparatus, and this was then 
replaced in the calorimeter, which contained in each 
experiment a weighed quantity of water of known 
temperature. The gain in temperature of the water 
and the loss in temperature of the boiling soda were 
noted simultaneously by means of two therinometers ; 
other necessary facts were also registered, and by 
means of a formula given in the original paper, the 
specific heats in Table II. were calculated. 


TABLE I.—Boiling Points of Solutions of Caustic Soda 
of different Strengths. 


Weight of water to 
100 of salt......... 
B. P. in deg. Centi- 


185°5 174°5 166 159°5 154 149 
Weight of water, 

100 140 180 220 260 300 
B. P. in deg. C. ... 144 1380 122°5 117 113 110°3 


TABLE II.—Specific Heat sane Solutions of Caustic 


Deg. Centigrade. 

112 1,400 0°931 

124 1,412 0-900 

136 1,427 0°861 

143 1,467 0-806 

151 1,493 0-781 

158 1,518 0-743 


These figures lead to the conclusions: (1) That the 
boiling point rises, while the specific heat falls with 
increasing concentration. (2) That, nevertheless, the 
solution must be as concentrated as possible, in order 
to obtain the maximum amount of available heat ; for 
although the specific heat decreases as the boiling 
point increases, yet when equal volumes of the solu- 
tions are taken into consideration, the available heat 
will be found to increase, on account of the greater 
specific gravity of the more concentrated solutions, in 
spite of the evident decrease in temperature observable 
in the above experiments. (3) That with equal weights 
the heat yielded by 100 kilos. of the soda solutions in- 
creases in the proportion of 65°7 calories for every rise 
of 1 deg. in the boiling point. 

As might be expected, the fluidity of the solutions 
decreases with the concentration, and also with dimin- 
ished temperature; thus the solution boiling at 169 
deg. remains semi-fluid at a high temperature, but 
solidifies completely on cooling. Honigmann speaks 
of using a solution of caustic soda boiling at 220 deg., 
in his experiments with the fireless locomotive; but 
the author has never been able to obtain such a solu- 
tion, altbough he has followed various methods of con- 
centration. When employing solutions of caustic soda 
for the evaporation of a liquid, a difference of from 20 
deg. to 25 deg. was always observed between the tem- 
perature of the solution and that of the liquid under- 
going evaporation. This demonstrates that the trans- 
mission of heat is very imperfect, and the author attri- 
butes this defect to feeble and sluggish circulation in 
the soda solutions on account of their great density. 

He points out, in conclusion, that although the boil- 
ing point of water may easily be raised to 200 deg. or 
more, it is only with difficulty that a temperature of 
158 deg. can be exceeded with solutions of caustic soda. 
Further, that the quantity of disposable heat stored up 
by water will always be greater as the temperature of 
the boiling point is raised.—The Engineer. 


SPECTRUM ANALYSIS AND OPTICAL PHYSICS.* 


Pror. CARL RUNGE, of Hanover, presented in his 
paper ‘‘On the Harmonie Series of Lines in the Spec- 
tra of the Elements” his own views and those of Pro- 
fessor Kayser. That the lines of the spectra followed a 
certain harmonic law, like that of the upper harmonics 
of acoustics, has often been su . In 1855, Dr. 
Bolwer of Zurich gave a formula for the thirteen hydro- 
gen lines. The authors have applied mathematical inter- 
pretation to certain groups of lines in the ultra-violet, as 
determined by Professors Dewar and Liveing, and they 
suggest the formula A= a+ bn-+-cn?. Professor Runge 
also showed a photograph of the iron spectrum which 
is to be multiplied by authority of the Academy of 
Berlin. When the number of lines is small, several 
formule are possible; on the other hand, the authors 
have as yet failed to discover the law for the many car- 
bon lines. Studies of this kind may appear of question- 
able value. But Dr. Stoney pointed out that not only 
the relative positions of these lines, but also their in- 
tensities, must have some meaning which we need not 
despair of finding; and Professor Fitzgerald reduced 
the question of the value of such researches to its sim- 
plest shape by remarking that the lines must be con- 
— with the vibrations of the atoms and moie- 
cules, 


APPLICATION OF SPECTRUM ANALYSIS TO MOLECULAR 
MECHANICS. 


The high importance of the next paper, by Dr. Jans- 
sen, on “ L’Application de l’Analyse Spectrale a la Me- 
canique Moléculaire ; Spectres de l’Oxygene,” roused 
the enthusiasm of Sir William Thomson, who, in his 
ardor, expressed his conviction that the French of Pro- 

essor Janssen had been more intelligible than the 
English of most of the inhabitants of this island and 
also of the neighboring continent of North America. 


Dr. Janssen, the great astronomer of Meudon, gavea 
resume of his recent researches into the spectrum of 
oxygen. Some of the results have already been com- 
iunicated to the French Academy,* of which Dr. Jans- 
sen was president in 1887, but a complete memoére has 
not yet appeared. Sir William Thomson hoped that 
Dr. Janssen would consent to letting the memoire be 

ublished in the reports of the British Association. 

he investigation concerns the appearance of certain 
bands in the spectra of gases at high pressures, and 
their significance id the molecular theory. That pres- 
sure should exercise an influence was hardly under- 
stood till 1885. Janssen then compressed oxygen in long 
steel tubes, by meaus of hydraulic pumps, up to 100 at- 
mospheres. 

The experiments were made at the Meudon Observa- 
tory, and also at the Pic du Midi in the Pyrenees. The 
spectra showed the lines ; and at higher pressures bands 
were observed to form near the lines, A, B, «, alsoin 
the blue near F and others ; the formation of the bands 
was very striking. To make sure that these peculiar 
bands were really due to oxygen and not to any acci- 
dental impurities, the oxygen gas was prepared in dif- 
ferent ways ; further, to decompose any traces of nitro- 
gen compounds, the gas was passed through a red hot 
spiral tu but without any change in the results. In 
a tube 60 meters in length, the bands were quite dis- 
tinct at a pressure of six atmospheres. hen, however, 
two tubes were arranged so that the same ray 
through a column of 80 meters in length of three atmo- 
spheres average density, the bands disappeared en- 
tirely. The lines and bands belong to two different 
systems. ‘The former obey the general law that the in- 
tensity depends upon the product of the length of the 
gascolumn into the density of the gas. The bands, 
however, seem to follow an altogether novel law—that 
of the product of the length of the column into the 
square of the density of the gas. The following figures 
will exemplify this. In a tube 60 meters in length, the 
bands ap at a pressure of six atmospheres; in 
one of 20 ineters at 12 atmospheres; in a tube 5 meters 
at 23 atmospheres; in one of 0°75 meter ‘at 50 atmo- 
spheres; and in one 0°43 meter in length, at a pressure 
of 72 atmospheres. The question is: Why are these 
bands not visible in our atmosphere ? On close examin- 
ation, however, they are found, particularly when the 
sun is at low elevations of 6 deg. or 7 deg. M. Olzewski 
has further observed the same bands ina column of 
liquefied oxygen 7 millimeters long ; and according to 
the above law of the square of the density, the bands 
should begin to form in a tube about 5 millimeters in 
length, provided the density of liquid oxygen ap- 
proaches that of water. This discovery promises to 
assist investigation of the spectrum analysis of the ce- 
lestial bodies, especially of the nebula, and also of the 
so-called “canals” of the planet, Mars, which were dis- 
covered by Schiaparelli. Dr. Gladstone stated that 
Sir David Brewster and himself had often watched the 
gaa growth of these lines when the sun was set- 
ting. 

THE ABSORPTION SPECTRUM OF OXYGEN. 


The next paper, by Professors Liveing and Dewar, 
“On the Absorption Spectrum of Oxygen,” suinmarized 
by Mr. Glazebrook, as both authors were absent, dealt 
with the same subject. They also compressed oxygen 
in steel tubes, and observed lines and bands ina column 
1°6 meter in length, at a pressure of 140 atinospheres ; 
and they noticed more bands in the ultra-violet in a 
tube 18 meters long at 90 atmospheres. The president 
afterward drew attention to a photograph which Mr. 
Norman Lockyer had sent to the section, consisting of 
two photographs arranged the one above the other. 
One was the ordinary sun spectrum, the other the spec- 
trum of meteorites of both kinds volatilized between 
Nejed poles. The photograph, which is quite new, 
certainly showed a similarity in the arrangement of 
the lines of the two spectra. 


DURATION: OF LIGHTNING FLASHES. 


Dr. Janssen has constructed a photographic camera 
resembling the ordinary stereoscope with its two lenses. 
The light falls upon two sensitive disks of 2 in. diameter; 
the one of the disks is fixed, the other turns about a 
vertical axis at 30 revolutions a second. The lightning 
flash produces a photograph on each of the disks. The 
experiments being of quite recent date, Dr. Janssen 
had only two photographs to show. The image on the 
fixed plate consisted of three lines of irregular curva- 
ture, apparently starting from a point (or points) near 
the center of the disk. The revolving disk showed 
these three flashes separately, but each individual flash 
line of exactly the same shape as on the fixed disk, so 
that the constituent flashes of the two disks can be sup- 
erposed. This seems to establish, first, that the origi- 
nal flash was threefold; and, further, that the dura- 
tion of the flash was very short, or its velocity infinitely 
great, if compared with the velocity of the revolving 
disk. The further progress of these experiments will 
be watched with great interest. A similar arrange- 
ment for the same pur was suggested by Professor 
Lodge in Nature of July 12, 1888. 


PHOSPHORESCENCE OF THE HUMAN EYE. 


Mr. Friese Greene’s paper ‘‘ On a Photographic Image 
of an Electric Are — probably due to Phosphores- 
cence in the Eye; and on some Photographs of an 
Eclipse of the Moon,” is a contribution of singular in- 
terest. Mr. Friese Greene actually exposed a sensitive 
plate to the light issuing from his eye, and photograph- 
ed with it. Hestared at a 3,000 candle are lamp in 
Piceadilly, at a distance of 3 ft. only, for fifteen sec- 
ouds, closed his eye and brought it rapidly over the 
sensitive plate within 1 in. distance from the film. 
Thus he obtained a very faint yet distinct image of the 
are, the two carbons, the image of the are on the re- 


flector, and also a faint indication of the cone. A sec- 
ond attempt failed. The are probably produces a 
bright spot on the retina, which remained luminous 


for a moment after the lamp had been shut off. 

One remarkable circumstance of this novel mode 
of photographing was pointed out by Mr. Shaw: 
the image is in focus, so that the focus of the eye 
must have chan most rapidly. Several speakers 
would have liked to suggest a continuation of these 
experiments with a weaker source of light, less dele- 
terious to the eye; but Mr. Greene failed to 
obtain any effect with gas lights. In the second 


* Abstracts from British Association papers in Dngineering. 


* Comptes Rendus, vol. cii., p. 1852; vol. cvi., p. 1118, 


paper, the moon while partially eclipsed had to pro- 
duce its own photograph. The arrangement was that 
of a Newtonian telescope ; the woon’s rays fell upon a 
concave wirror closing the tube, were reflected on toa 
plane wirror, and sent over to the plate, which thus 
replaced the ordinary eyepiece. Kight photographs 
were thus taken at rapid intervals ; strangely enough, 
the eight images thus obtained were not one behind 
the other, but in a curve like an inverted 8(2). No- 
body made any suggestion in explanation of this pecu- 
liarity. Mr. Greene himself asserted that his apparatus 
had been perfectly steady. 


APATITE MINING IN CANADA. 


THE importance which the mining of apatite or phos- 
hate of lime has assumed in Canada makes the fol- 
owing description of the principal mines in Ottawa 
County interesting. The shipments of crude rock last 
year amounted to 23,690 tons, valued at $319,815, and 
as at the present price of the mineral there seews to be 
a fair profit on the operations, and the deposits are 
undoubtedly large, the industry may be expected to 
ex d considerably. The market for the product is 
principally in England, so that it does not come at 
present into direct competition with our phosphate rock 
or coprolites from South Carolina. We take the 
description from the Mining Review, of Ottawa: 

The Emerald mine, one of the earliest opened, has 
been one of the most productive, and is worked on 
thoroughly scientific principles. It is situated some 
nine miles from Buckingham village, is owned by the 
Ottawa Phosphate Company, and has changed hands 
several times, each succeeding purchaser paying high- 
er poe the last sale clearing the owners over $50,000, 
before any large works such as are now carried on 
there were undertaken. Drifts are now in the side of 
the hill to the main shaft, by means of which the 
refuse as well as the mineral are run out on tramways. 
The Little Rapids mine is a very valuable property, 
some three miles north of the previous mine. A large 
number of openings have been made on the property, 
all of which have yielded very good returns. Several 
deep shafts, two of them extending to a depth of over 
200 feet each, have been sunk, and drifting carried on 
at various levels with great success. his mine is 
owned by Mr. W. A. Allan, of Ottawa. It is well 
equipped with the latest and most improved machinery. 
A well constructed tram line from the pit’s mouth to 
the river landing was built last year. The North Star 
mines, owned by an American com y, contiguous to 
the previous imine, are yielding seaitusinens for the out- 
lay on them, and here a deep shaft of 600 feet has been 
sunk. All the above mentioned mines lie on the east- 
ern bank of the Lievres River. Some eight miles further 
up. on the left or western bank, are to be found the 

igh Rock mines. These are probably the most exten- 
sive of all, and belong to the Phosphate of Lime Com- 
pany, of London, Engiand, under the management of 

r. W. W. Pickford. The profits of the three years 
1882-83-84 were sufficient to cover all the outlay and to 

admit of a dividend of 25 per cent. on the capital stock, 
besides setting apart $10,000 asa reserve. The principal 
operations are conducted in their large tunnel, and as 
an instance of the abundance of this mineral in the 
workings at this point, it may be said that no later 
than on the 11th of June last, 55 tons of high grade ore 
were taken out from one blast. At present the yield 
is richer than at any previous time since the mines were 
first operated. A large number of openings are also 
being worked on different portions of the property. 
The annual output from these productive mines may 
be fairly stated as at 7,000 tons per annum. Tramways 
along the face of the mountain, on which these wor 
are situated, carry the refuse to points where it is easily 
dumped into ravines, and so away from the site of any 

robable future openings. The offices and buildings 
or the miners’ accommodation are scrupulously looked 

after, and the company has provided a reading room 
well supplied with books, papers, and periodicals for 
their employes’ use when not working. The number 
of men employed by this company ranges from 100 to 150. 
The Canadian Company’s mines adjoin those owned by 
the High Rock people. This company was organized 
in London in the begiuning of the present year, with a 
capital of 110,000 shares at £1 each, and now operates 
the property formerly worked by the Union Company, 
of New York. The pro verty includes some 1,285 acres, 
embraces the Star Hill, Williams, and Ruby mines. The 
latest machinery and the most modern practices are 
used ; raany new buildings have been erected, includ- 
ing a large cobbing house with revolving screens, anda 
wire rope tramway from the — to the landing is at 
present under construction. The escarpment which 
forms the walls of this ravine shows the course of 
numerous veins of the mineral, all trending eastward 
aud running into the mountain, and the main works 
are carried on by literally quarrying the hillside, and 
cutting it away in solid masses. hree years ago on 
the site of the Canadian Company's mines there was 
nothing but rock and unbroken ieeoehs to-day there 
are numerous dwellings, substantial offices and store- 
rooms, tramways and good roads. The number of men 
employed here ranges from 100 to 125. 

here are numerous other mines being worked all 
through the apatite district, especially in Templeton, 
where both Canadian and American capitalists are in- 
terested, and new mines are being opened. In the 
Templeton district may be mentioned the celebrated 
Blackburn mine, the oldest and most productive in this 
section, the Templeton and Blanche River Company, 
the Canada Industrial Company, the Anglo-Canadian 
Company, and Mr. Jackson ’s wines. Extensive 
operations are also carried on at the Otty Lake mines, 
in Perth; by Mr. James Foxton and others at Syden- 
ham; and also by Captain Boyd Smith and others in 
the Kingston district. The description given of the 
mines above mentioned, however, shows sufficiently 
the magnitude of the various enterprises. 

The usual color of crystals is green. Some, however. 
approach white, while others are of a pink, yellow, or 
violet tint, and others nearly black. The color ap- 

rs to be purely accidental, and is due to various 
mpurities mechanically mixed with the minerals. 
Thus the red and brown varieties contain minute 
crystals of hematite; the blue and the green, scales of 
w and blue owe their tints to 


chlorite ; and the yello 
organic substances. 


4 wealthy American company commenced operations 
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last year at the junction of the Lievres and Ottawa 
rivers for grinding and pulverizing crude phosphate, 
either for acid treatment or for use in the pulverized 
state. These works are capable of grinding 50 tons per 
day, and an idea of the fineness of the work done may 
be formed from the fact that the powder has to pass 
through an +0 mesh bolt and blowers for separating 
the mica, leaving only a phenomenal quantity of that 
worthless and troublesome ingredient. The company 
have made arrangements by which the ground article 
can be delivered at cities along the south shore of Lake 
Erie, where all they can manufacture has been con- 
tracted for at a rate of freight of $1.40 per ton.—Zngi- 
neering and Mining Journal. 


THE HEROULT ALUMINUM PROCESS. 


WE had recently, says Industries, an opportunity of 
inspecting the works of the Swiss Metallurgical Com- 
euhausen, 


pany, established close to the Rhine Fall at 


| views helé by the inventor of the latter process, the 
reduction of the ore is due partly to the heat of the vol- 
taic are and partly to an electrolytic action of the cur- 
rent. In the Heroult furnace the melted mass of oxide 
takes the place of the electrolyte in an ordinary voltaic 


couple, the reduced metal at the bottom of the furnace | 


being one electrode and a carbon bar inserted from the 
top, the other. Upon a current passing from the car- 


| bon bar through the ore to the metal, the ore is decom- 


posed, oxygen traveling upward,and attacking the 
earbon, while the molecules of the reduced metal travel 
downward, and are merged in the metal bath. The 
construction of the furnace will be understood from 
our Figs. 4 and 5, the former being a sectional eleva- 
tion and the lattera plan. The body of the furnace, 
or,to speak more correctly, of the electric crucible, con- 
sists of a block of carbon, B, contained in an iron box, A. 
In the first crucible made, the iron box was cast round 


contact between the surfaces, and thus facilitate the 


the carbon block in order to obtain a very intimate 


face of the molten liquid in the crucible and the end 
of the carbon electrode as near as possible constant, 
We may here remark that this distance is preferably 
made 7 small, and should in practice not exceed 
three millimeters, or say twice the thickness of a shjj- 


piece. 
he inventor lays particular stress upon the necesgit 
of keeping the distance between the electrodes small 
The intervening space, being filled with a layer of 
badly conducting molten ore, offers a resistance which 
increases with the distance; and although resistance 
is necessary in order that the current should produce 
heat, it is not economical to have more heat than ig 
just sufficient to melt the ore, the work of separati 

the metal from the oxygen being chiefly done by the 
electrolytic action of the current, and not by high 
temperature. The electrode consists of carbon slabs, 
F, held together by a metal clamp, G, so as to form 
one huge compound carbon prism, which, before inger- 


tion into the furnace, is 10 ft. long by 17 in. wide and 


SCALE OF FEET 
2 3 


Fie, 2. 
THE HEROULT ALUMINUM PROCESS. 


on the right bank of theriver. The production of 
aluminum, and especially of aluminum alloys, by 
electrical means, formas one of the most important 
branches of the company’s business ; and after experi- 
menting with Dr. Kleiner’s method of producing pure 
aluminum, it was finally decided to adopt the method 
devised by M. Heroult for the production of alumi- 
num alloys, anda large plant on this system is now 
successfully at work. As in the Cowles process, the 
aluminam is reduced from its oxide by means of a very 
-trong eleetric current, but the action of the current is 
lifferent in the two systems. In the electric furnace 
ievised by the Brothers Cowles, the current is simply 
and solely used to produce an excessively high tempera- 
ture in a limited zone, and the reduction of the ore is 
due to the high temperature alone, and isin no way 
an electrolytic process. The Cowles furnace can there- 
fore be worked with an alternating current, but this is 


to the 


not the case in the Heroult process. 


conduction of electricity from the electrodes, C, to the 
interior. The iron, by contraction upon cooling, would 
securely grip the surface of the box from all sides, thus 
insuring perfect contact. This method of construction 
is, however, only suitable for small crucibles, and the 
present large furnace is built up of carbon slabs held 
together by a wrought iron casing, no difficulty having 
been experienced in waking good contact between the 
two materials. At the bottom of the cavity in the 
carbou block is a tap hole, D, closed by a plug. E, which 
is withdrawn from time to time to allow the liquid 
alloy to run into the ladle, L, from whence it is cast 
into ingots. The current enters the crucible by the 
upper carbon electrode, consisting of a bundle of car- 
bou slabs, F, suspended by achain. The chain passes 
overhead round the drum of a small winch, which is 
controlled by the attendant, and as the lower end of 
the electrode is being consumed, the latter is allowed 
to descend so as to keep the distance between the sur- 


4 5 ? 


Rig 


944 in. dee As the slabs are only obtainable in 
lengths of about 3 ft., the prism is built up of slabs laid 
upon each other so as to break joint, the whole being 
held together with stout copper pins, and protected on 
the outside by copper plates \ in. thick. An electrode 
of that size is consumed in the production of about balf 
a ton of contained aluminum. The crucible is closed 
by a cover, H, also made of carbon slabs, but insulated 
from the body of the crucible. Holes, J, are provided 
in this cover through which the ore and serap wetal 
are introduced, and these openings can be closed by 
shutters, K. The ore used is alumina free from silicon 
and other impurities, and the scrap metal is either 
iron or copper, according as the desired product isa _ 
ferro or a bronze. Bauxite could be used instead of 
alumina ; but as the former mineral contains many 
impurities, M. Heroult prefers the absolutely pure 
though more expensive alumina. The cost of the raw 
materials is, however, in either case not a very im 
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ant item as compared with the cost of power, carbous, 
and amortization of plant. The process of smelting is 
a continuous one, and need only be interrupted when 
the upper electrode has been consumed, and then only 
for the short time required to insert a new electrode. 
The crucible is —— eharged through charging 
holes, and the molten alloy is tapped off at D from 
time to time. The production of aluminum per horse 
power hour varies somewhat with the percentage of 
the metal contained in the alloy, the average being 
30 grm. of contained aluminum per horse power hour, 
and the maximum 40 grm. Reduced to English meas- 
ure, this works out to an expenditure of 15 horse power 
hours per pound of contained aluminum under ave- 

. and 11 horse power hours under very favorable 
conditions. The present production of the crucible is 
4ewt. of contained aluminum in twenty-four hours. 
The crucible can also be used for the production of sil- 
icon bronze, in which case the scrap copper is charged, 
not with alumina, but with clean white sand. 

The general arrangement of the works will be seen 
from our plan in Fig. 6. Power is supplied by a tur- 
bine, to the shaft of which are direct coupled the two 
dynamos supplying the current to the crucible. These 
large dynamos are excited by a smaller machine driven 
by a belt from the turbine shaft, as shown; and the 
speed of the turbine and strength of the main current 
are controlled by an automatic regulator acting upon 
a throttle valve placed in the inlet pipe of the turbine. 
Within certain limits the main current can also be re- 
gulated by hand, for whieh purpose one of Brown's 
electrical regulators is inserted into the exciting circuit 
of the small dynamo. 

The main conductors are naked copper cables or bars, 
and no special precautions are employed to insulate them 
as, in comparison with the huge working current, a 


leakage of 100 ap more or less, is too insignificant 
a matter to trouble about. Thecurrent is measured by 
a large — meter, indicated by a circle in our illus- 
tration. The main current passes once through this 
circle, in the center of which is pivoted an electromag- 
net, provided with a pointer and counterweight. The 
electromagnet is excited from a primary battery, giving 
a constant e.m.f., and the calibration of the instrument 
ean be varied by fixing the counterweight further 
from or nearer to the center of supension of the mag- 
net,-so as to obtain a fairly large deflection for the 
usual working current. During our visit the working 
current was about (2,000 amperes ; but on several occa- 
sions a short cireuit occurred, when the current would 
suddenly rise to 20,000 amperes and more. The short 
circuits are generally due to the fact that one or other 
of the carbon slabs composing the electrode projects be- 
ey the others, and touches the surface of the metal 
th in the crucible. The projecting portion is then 
immediately burnt off; but during the time that this 
takes place, the current is considerably increased be- 
yond its normal value. It might be su 7 that a 
short circuit of such magnitude would be ii ely to dam- 
age the electric machinery, but so far as we could ascer- 
tain this is not the case. The dynamos do not appear 
to suffer in the slightest degree from the short circuit, 
and the only indications that the visitor has of its tak- 
ing [mg are a slight sparking at the brushes and a 
peculiar rumbling noise in the turbine. The dynamos 
Were made to the designsof Mr. C. E. L. Brown, by the 
Oerlikon Engineering Works, and the turbine was su 
| by Messrs. Escher Wyss & Co., of Zurich. e 
llustrate the dynamos in Figs. 1, 2, and 3. 

The field is of the multipolar type and made in one 
casting, so that there are no joints of any kind in the 
Magnetic circuits. The armature is of the usual Brown 
type, with embedded wires, but contains two distinct 
Circuits, each provided with its own commutator. The 
armature is 38 is. diam. and 24 in. long. The conduct- 
or consists on the outside of round copper bars, C, 5 in. 

, and on the inside of flat copper plates, A, placed 


into grooves planed out of a wood lining, by which 
these plates are firmly held and at the same time insu- 
lated. The current is taken off each commutator by six 
sets of brushes, there being in all seventy-two brushes 
on each machine. Although cross connections between 
equipotential coils on the armature are not absolutely 
necessary when the nuwber of brushes employed equals 
the number of field poles, the designer of the machine 
has thought such connections nevertheless advisable as 
tending to fairly distribute the work between all the 
armature wires, and equipotential sections of the com- 
mutator have therefore been connected by means of 
rings, B. Each of these rings is provided with three 
projections containing grooves into which dovetail the 
corresponding commutator sections. As it was impos- 
sible to apply solder to make the joints, the surfaces 
have been silvered and made a tight fit. The machines 
were originally intended to give each a current of 6,000 
amperes at 20 volts pressure when running at 180 re- 
volutions per minute; but in designing them Mr. 
Brown allowed a sufficient margin in the strength of 
the field to be able to work at 30 volts. This provision 
has been found very useful, as in certain circumstances 
the working of the Heroult furnace is rendered easier 
by an increase of voltage. We are told that even when 
working at 35 volts there is no undue heathing of the 
armature core from hysteresis, At the time of our visit 
the machines were working at about 20 volts, and kept 
fairly cool. There is no fan provided for cooling. The 
brushes are not separately adjustable, and the lead 
from no current to full load is only 5 in. on the cir- 
cumference of the commutator. here is absolutely 
no sparking at the brushes when running with the 
normal current, and notwithstanding the necessarily 
rough usage these machines are subjected to, the com- 


mutators were at the time of our visit in excellent 


Dynamo 6.000 Amp. . 


taken, the binary compounds are 5,655, ternary 247,660, 
and quaternary 1,013,985.” 
Nevertheless, if the properties of many alloys have 
ae be investigated, the study of alloys generally 

as not been neglected. The modern bibliography 
relating to them is much more extensive than it is 
usually supposed to be, and the older writings are very 
full, and contain the results of far more accurate obser- 
vation than they are credited with. In the early days 
of chemistry, as its history abundantly proves, alloys 
received much attention, and although the early 
chemists often failed to distinguish alloys from simple 
metals, or used them in unsuitable ways, they left 
an experimental record, the value of which is sadly un- 
appreciated. From this record it is, incidentally, evi- 
dent that the development of the art of separating 
metals from their ores and from each other was quickly 
followed by the uisition of the knowledge that 
metals possess peculiar properties when reunited in 
certain proportions, and are thereby rendered more 
useful than they were in the pure state. 

In early times some metals were used unalloyed, 
although at the present day they have no industrial 
application except in union with other metals. Anti- 
mony, for instance, now only employed as a constituent 
of certain alloys, was formerly cast and fashioned into 
ornaments, as is proved by the analyses of Virchow, 
and bya fragment of a very ancient Chaldean vase, 
which fragment, when examined by Berthelot, proved 
to be of pure antimony.* The implements and orna- 
ments discovered by Schliemann abundantly show 
that the early Greeks were familiar with alloys of silver 
and gold, copper and tin, lead and silver, and with 
many others, all artificially prepared. Throughout 
the middle there seems to have been a belief that 
the action of metals on gold and silver was, on the 


Fie. 6.—GENERAL ARRANGEMENT OF WORKS. 
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condition. Our illustrati Fig. 1, shows a general 
view of this remarkable machine. 


ALLOYS.* 
By Professor W. CHANDLER ROBERTS-AUSTEN, F.R.S. 
LECTURE I. 


As many valuable mechanical properties are confer- 
red upon metals by associating them with each other, 
it seldom happens that metals are used ina state of 
purity when they are intended for industrial purposes, 
and this fact was discovered at a very early period of 
metallurgical history. The word alloy originally comes, 
in all probability, from the Latin ad-ligo (alligo), *‘ to 
bind to,” and not, as Sir John Pettus thought, from 
the Teutonic linderen, ‘*to lessen,” suggestive as it is 
of the fact that a precious metal is lessened in value by 
the addition of a base one. 

The late M. Dumas eloquently pleaded many years 
ago against leaving alloys in the oblivion to which 
modern chemists consigned them, and there still seems 
to be a prevalent impression that our knowledge of the 


phenomena which attends the union of metals is very 
imperfect, and that it rests upon aslender experimental 
basis. We are apt to forget the extent and complexity 
of the subject, and Mr. Lupton has opportunely direct- | 
ed attention to the number of alloys which await! 
examination. Hesays+: “ Hatchett reeommended that | 
a systematic examination of all possible alloys of all | 
the metals should be undertaken. He forgot to re- 
mind any one who should attempt to follow his advice 
that, if only one proportion of each of the 30 common 
metals were considered, the number of binary alloys 
would be 435, of ternary 4,060, and of the quaternary 
27,405. If four multiples of each of the 30 metals be 


*”hree ‘ectures delivered before the Society of Arts, London, 1888, 
From the Journal of the Society. 


+“ Nature,” Jan, 5, 1888, p. 238, 


whole, corrupting ; and Biringuccio, in 1540, carefully 
defined such alloys as being ‘nothing but amicable 
associations of metals with each other,” and he farther 
pointed out that metals must be mixed by weight, and 
not at random. 

Iam not attempting to give the history of research 
connected with alloys, and I must pass from the 16th 
to the 18th century, in which we find four writers whose 
names deserve to be specially mentioned, because they 
seem to have been the first to indicate the direction in 
which modern investigation has been conducted. 
These are Reaumur, Gellert, Musschenbroek, and 
Achard, who respectively studied, Ist (Reaumur), mole- 
cular change produced in a metal by heat; 2d (Gel- 
lert), the relation of fluid metals to each other consid- 
ered as solvents; 3d (Musschenbroek), the cohesion of 
alloys as shown by certain mechanical properties ; and 
4th (Achard), the electrical behavior of metals and 
alloys. It is interesting to trace the connection be- 
tween the older work and the new. Reaumur.} in ex- 
plaining the hardening of steel by rapid cooling from 
an elevated temperature, comes very near the modern 
view that a metal may, under certain conditions, pass 
from one allotropic state to another ; for he distinctly 
contewplates the possibility of molecular change pro- 
duced by the expulsion by heat of * sulphurs and salts - 
from the molecules into interstitial spaces between 
them. He speaks of “ molecules and elementary parts 
of molecules” like a modern writer, and tries to show 
that when hot steel is — eooled, * sulphur and 
salts” cannot return into the molecules, but remain in 
the interstitial spaces, and that therefore the physical 
properties of hard steel become quite different from 
those of soft. If it should be urged that the analogy 
between carburized iron and alloys is overstrained, I 
would point out that, in 1867, Matthiessen said, after 
appealing to the fact that in certain alloys the consti- 
tuent metals are present in allotropic states, * i have 


*** Ann. de Chim. et de Phys.,” September, 1887, p. 185. 
+t “ L’art de convertir le fer forge en acier,” Paris, 1722, p. 221. 


| 
i | i 
| 4 
= 
‘ 
in 
id 
e 
od 
od 
al 
oy 
er 
a 
of 
ny 
4 
id 


10786 


SCIENTIFIC AMERICAN SUPPLEMENT, No. 675. 


DeceMBER §, 1888, 


always made a comparison between iron and steel (and 
alloys). This has been done to show that the carbon 
iron en behave in an analogous manner to other 
alloys, which cannot be looked upon as chemical com- 
binations.”* 

Gellert makes the analogy of certain alloys to solu- 
tions very clear, and in his ‘‘Metallurgic Chemistry” 
he gives a table showing the relative solubilities of 
metals in each other, while in the observations which 
accompany it,t he says, to take one of the cases he 
gives as an illustration, ‘‘ Since copper and silver, and 
copper and gold, dissolve one another very readily, the 
copper cannot be parted from iron by means of gold 
or silver,” probably having in mind a reaction which 
enables silver to be parted from gold by the action of 
sulphur and iron. He further clearly shows that with 
regard to the solution of metals in a triple alloy, he 
understood the possibility of the division of a metal 
between two other metals acting as solvents. 

The mechanical properties of alloys were, as I have 
said, investigated by Musschenbroek, who, working in 
the early part of the 18th century, made some experi- 
ments on the tensile strength of metals and alloys. He 
writes of the “absolute cohesion by which a body 
resists fracture when acted upon by force drawing ac- 
cording to its length,”{ and gives the tenacity of 
several metals, and the alloys, brass and pewter. He 
shows the importance of such work so clearly that it 
is remarkable how slowly the mechanical testing of 
metals developed since his time. 

Achard, whose researches were published in 1784, 
made a very extended series of experiments on multiple 
alloys, as well as those of simple metals. He pointed 
out that the relative conductivities of substances for 
heat and for electricity are closely related. He devised 
an appliance for the experimental verification of this 
fact, and, as he included alloys in his researches, it may 
fairly be claimed that he led the way for the important 
generalization that alloys may be ranged in the same 
order as regards their power of conducting heat and 
electricity, which was made by Wiedemann and Franz 
in 1853-59. 

The necessity of metals being pure when added to 
each other was hardly recognized until the 18th cen- 
tury, and Duhamel, who contributed the article on 
alloys to the ‘** Encyclopedie Methodique,” in 1792, ap- 
pears to have been the first writer to insist on the 
necessity for making exact experiments upon alloys 
with metals which possess a high degree of purity, and 
on effecting their union by heat in closed vessels. He 
further pointed out that up to his time no chemist had 
taken these precautions, and it is certain that in con- 
ducting some modern experiments they have been 
neglected. 

n the early part of the 19th century researches on 
alloys became more numerous ; they were mainly di- 
rected to ascertaining the effect on the density of 
metals produced by alloying them, and to determining 
the effects of slow cooling on alloys with low melting 

ints. Of such a nature was the work of Ermann in 
827, and of Rudberg (1830-31). Ermann called atten- 
tion to the peculiar behavior of alloys of lead and tin 
when solid. Rudberg studied anomalies in these 
alloys when in the liquid state. 

Regnault showed that the specific heats of certain 
fusible alloys were greater near 100° than the mean 
specific heat of their constituents, and this fact appears, 
as Spring has shown,§ to have induced Person to un- 
dertake researches on the latent heat of alloys, and on 
their specific heats. 

Undoubtedly the greatest work on mre of the first 
half of this century was that of Matthiessen, who 
worked on the electrical resistance of metals and alloys, 
and who was led to the conclusion that in many cases 
metals are present as allotropic modifications, that is, 
in totally different forms from those in which we ordin- 
arily know them. 

It is by no means easy to investigate the molecular 

“constitution of alloys, but evidence may be gathered in 
the following ways : 

1. By comparing the properties of an alloy with those 
of its constituent metals. 

2. By studying the behavior of alloys in ing from 
the liquid to the solid state, and conversely in passing 
from the solid to the liquid. 

3. By determining the physical constants of solid 
alloys, such as their specific gravity, specific heat, 
electrical resistance, electro-motive force, and their 
—— properties, such as tenacity and extensi- 

ility. 

First we must consider the methods of producing 
alloys, for the union of metals may be effected in three 
ways: 

1. By fusion—that is, by causing metals to unite by 
melting them together. 

2. By compression of the powders of the constituent 
metals. 

3. By electro-deposition. 

The first method, by fusion, is of course the method 
ordinarily adopted. One of the metals is melted, and 
the other is added to it, sometimes in the fluid state, 
but often in the solid. In the experiment now in pro- 
gress we are taking a simple case, by melting tin and 
adding arsenic to it, the arsenic being added in small 
ey ; but the product—the alloy—will have very 

ifferent properties from those possessed by either of 
the constituent metals. Its fracture closely resembles 
zine, and is as different as possible from that of either 
tin or arsenic. Every metal has, of course, a definite 
melting point, but apart from the heat initially re- 
quired to meit a metal, we find that the union of 
metals is sometimes attended with an evolution and 
sometimes with an absorption of heat. 

The following metals evolve heat when they are 
united: Aluminum and copper, platinum and tin, 
arsenic and antimony, bismuth and lead, gold and just 
melted tin ; while on the other hand, lead and tin when 
united absorb heat—that is, produce cold when their 
union takes place. 

In the case of many metals these effects can only be 
demonstrated by the aid of delicate instruments. I 
have, however, selected a case in which the union of 
metals is attended with a considerable diminution of 

* Lecture delivered before the Chemical Society, Chem. Soc. Journal, 
1867, p. 220. 

+ English translation of his work, London, 1776, p. 186. 

¢* Elements of Philosophy,” translated by John Colson, F.R.S., vol. 
p. 237; 1744. 

Bull, de }"Acad, Royale de Belgique” (8), t. xi., 1886, 


temperature ; it is an experiment we owe to Mohr, and 
it will be shown subsequently that its explanation is a 
very complicated one. Take tin, lead, and bismuth in 
equivalent proportions, as finely divided as possible, 
and mix them with eight ——_ of mercury as 
rapidly as may be under conditions in which heat is 
not transmitted to the mixture from the walls of the 
containing vessel, and it will be found that the tem- 
perature falls from the ordinary temperature of the 
room + 17° C, to — 10° C., so that if a vessel contain- 
ing water be placed in the mixture, the water will be 
frozen. [The experiment was performed by mixing the 
finely divided metals with mercury contained in a glass 
flask, which became frozen tightly to a wet board on 
which it stood.] The experiment proves that by the 
union of metals, using mercury as a solvent, a freezing 
mixture may be produced, but at present I only want 
to demonstrate the fact. We shall see in the course of 
the next lecture that work has probably been done on 
the molecules of the metals, resulting in the absorption 
of heat, and the illustration has merely been given here 
as showing that the union of metals may be attended 
with the production of cold. 

Now let me turn to the second method by which 
metals may be caused to unite, that is, by compressing 
strongly the powders of the constituent metals. Since 
1878, the labors of Prof. Walthére Spring of the Uni- 
versity of Lidge, have been mainly devoted to the study 
of the effect of compression on various bodies.* The 
particles of a metallic powder left to itself at the ordi- 
nary atmospheric pressure will not unite, but by aug- 
menting the points of contact in a powder, the result 
may be very different. His own experiments were 
made with the aid of a compression apparatus, the 
general form of the appliance employed being shown 
in the diagram, Fig. 1. Undera pressure of 2,000 at- 


1. 


The metallic powder is p) under a short cylinder of steel, A, ina 
cavity ina steel block divided held by a collar 
and placed in a chamber of gan metal, which may rendered vacu- 
-~, — is applied to a cylindrical rod passing through the 
stuffing box, 


mospheres on the piston, or 13 tons on the square inch, 
lead, in the form of filings, becomes compressed into a 
solid block, in which it is impossible to detect the 
slightest vestige of the original grains, while under a 
pressure of 5,000 atmospheres lead no longer resists the 
pressure, but flows as if it were liquid through all the 
cracks of the apparatus, and the piston of the com- 
pressor descends to the base of the cylindrical hole, 
driving the lead before it. The more interesting re- 
sults were obtained by Spring with crystalline metals. 
Bismuth, as is well known, is crystalline and. brittle, 
yet fine powder of bismuth unites under a pressure of 
6,000 atmospheres into a block very similar to that ob- 
tained by fusion, having a crystalline fracture. Tin, 
when compressed in powder, unites, and if it is made 
to flow through a hole in the base of the compression 
appeniee, the wire so formed sometimes, though not 
always, emits the uliar ‘“‘ery” of tin when bent. 
The table shows the amount of pressure required to 
unite the powders of the respective metals. 


Tons per 
. inch, 
des 
Aluminum........... . 38 


We know that combinations are produced when cer- 
tain bodies in solution are submitted to each others’ 
action. But do solids combine? Is the alchemical 
aphorism, that ‘‘ bodies do not react unless they are in 
solation,” true? Experiment proves that such solu- 
tion is not necessary. I have here two anhydrous salts 
—iodide of potassium and corrosive sublimate; and 
these salts are at the same time dry. When they are 
mixed in this mortar they unite, as is shown by the 
vermilion-colored iodide of mereury which is produced. 
But do solid metals combine in the sense, that is, in 
which chemical combination is possible between 
metals when submitted to each others’ action under 
the conditions which prevail when their powders are 
compressed ? Mohr has pointed out + that cohesion is 
a form of chemical affinity, and the experiment I have 
already shown you of the freezing of water during 
amalgamation affords valuable evidence in support of 
his view. It occurred to M. Spring that if there be true 
union between the particles of a metallic powder when 
submitted to great pressure, it ought to be possible 
to build up alloys by compressing the powders of the 
constituent metals, and he urged that the formation of 
alloys by pressure would afford the most conclusive 
proof that there is a true union between the particles 
of metals in the cold when they are brought into in- 
timate contact. Experiment proved that this reason- 


* “ Ball, de l’Acad. Royale de Belgique ” [2}, t. xlv., No. 6, 1878. [2] t. 
xlix., No. 5, 1880, See also su uent papers in the same publication, in 
the “Bull Soc, Chim.,” Paris, and in the “ Ber. der deutach chem. Gesell- 
schaft’ (Bildung von Legirangen durch Drack), b, xv., p. 505, 


t Liebig’s Ann., cxcvi, (1879), p. 188, 


ing is correct, for by compressing, in a finely divide 
state, fifteen _—_ of bismuth, eight parts of lead 
four parts of tin, and three parts of cadmium, an alloy 
is produced which fuses at 100°C. It is necessa 
however, to compress the mixed powder twice, poe 
ing and filing up the block obtained by the first com- 
pression, because the mechanical mixture of the con- 
stituent metals is not sufficiently intimate to enable a 
uniform alloy to be obtained by a single compression, 
The alloy we have produced fuses, you will observe (if 
you watch the projection on the screen), in boili 
water, ee es at 98° C., although the melting point of 
the most fusible of its constituents, the tin, is 228°C. The 
formation of fusible metal by compression leads me to 
deal with an objection that may have occurred to man 
of us. It may be u that by compressing these 
powders heat is evolved, and that this heat may be 
sufficient to produce incipient fusion of the metallic 
powders, or, at all events, may exert a material infiu- 
ence on the result obtained. This objection has been 
experimentally anticipated by Professor Spring. First, 
the compression is effected with extreme slowness, and 
therefore there can be no question as to the sudden 
evolution of heat, as would be the case if the powders 
were compressed by impact instead of a slow squeeze; 
and to sum the matter up briefly, Spring calculates— 
taking an extreme case—that if it be granted that all 
the work done in compressing the powders were actu- 
ally translated into heat, it would only serve to heat a 
cylinder of iron 10 mm. in height and 8 mm. in diame- 
ter (the dimensions of cylinder produced in his appara- 
tus) 40°64° C. 

In order that direct oaeeniet evidence might not 
be wanting, Spring took the organic body phorone, 
a hard crystalline substance which melts at 28° C., and 
compressed it exactly as in the case of the metallic 

wders.* He took the precaution to place a shot of 
ead on the top of the powder before submitting it to 
compression. Only imperfect union of the particles of 
phorone resulted. The conclusion of the experiment 
proved that the shot remained where it had been placed 
at the top of the column, and therefore the 28° neces- 
sary to melt the substance had not been evolved, for if 
it had, the shot must have fallen through the fluid mass. 
I think, then, it is absolutely safe to conclude that, in 
the compression of bismuth, for instance, there can be 
no question of the evolution of the heat necessary for 
the fusion of the metal. 

It seems to me to be quite safe to conclude that it is 
proved that solid metals possess the power of reacting 
on each other, and forming alloys, provided their par- 
ticles are really in contact. 

We have seen that metals q &: made to unite either 
by compression or by fusion. The formation of alloys by 
the electrolytic deposition of the constituent metals can- 
not be dealt with in this brief course of lectures. 

We must now examine more closely the mutual rela- 
tions of the metals when united. Metals may be mixed 
in the fused state, but it by no means follows that they 
will remain in admixture if they are allowed to cool 
slowly, or sometimes even rapidly. In fact, a cooling 
mass of mixed metals often behaves much as water 
containing suspended matter does in freezing, when 
the ice first formed rejects the foreign matter, and, as 
has been shown by the classical researches of Levol,+ 
the portion of the alloy which first solidifies rejects 
certain other portions of the constituent metals. Take 
this case of lead and zinc; the metals were thoroughly 
mixed in the fused state, and yet, on slow cooling in 
adeep mould, the separation has been almost com- 
plete, and you will see that it is easy to break off 
one corner at the side where the zinc has separated it- 
self, and flatten out another one, which proves it to be 
nearly pure lead. Take in this case of what was a 
triple admixture of lead, antimony, and copper, 
thoroughly mixed when fluid, and cooled ina cylin- 
drical mould. The copper and the antimony unite, 
but they reject nearly all the lead, and drive it to the 
center of the mass, so that the solidified cylinder, when 
broken across, looks like this diagram (Fig. 2), which 


represents a ring of the purple copper-antimony alloy 
surrounding acore of lead. Silver and copper alloys 
behave in a similar manner, but in any mixture of fused 
silver and copper, one particular alloy of silver and cop- 
per is formed. This is driven outward or inward in the 
cooling mass, according to whether silver or copper is in 
excess in the bath. In all these cases the separation is 
never complete, the lead retains some 1°6 per cent. of 
zine and the zine about 1°2 per cent. of lead. The copper 
and antimony retain a small amount of lead, and the 
lead asmall amount of copper and antimony, as is shown 
by some very careful experiments of my assistant, Dr. E. 
J. Ball, which have been recently published.t The solid 
mass in all three cases is a mixture of solidified solu- 
tions of the metals in each other. 

The late Dr. Guthrie investigated this side of the 
problem at some length.§ It is difficult to give a brief 
account of his work, but his conclusions may be stated 
as follows. He considers that certain alloys in cool- 
ing behave as a cooling mass of granite would ; clear 
molten granite would throw off in cooling “‘ atomically 
definite” bodies, leaving behind a fluid mass which is 
not definite in composition, as the quartz and the feld- 
spar undergo solidification before the mica. In alloys 
much the same thing happens, for when a molten mass 
of lead and bismuth or bismuth and tin cools, a certain 
alloy of the metals falls out, just as the quartz and feld- 
spar did, and ultimately the most fusible alloy of the 
series is left. which Dr. Guthrie called the eutectic 
alloy. It isthe most fusible alloy of the series, but the 


* “Bul. Soc. Chim.,” Paris, 1884, t. xli., p. 488, 
+ Levol, “ Ann. deChim. et Phys.” [3], t. xxxvi.; W, Chandler- Roberts, 
* Proce. Roy. Soc,,”” 1875, vol. xxiii., p. 481. 


¢“ Chem. Soc, Journal,” Feb., 1888, p. 167. 
§ Phil, Mag.,” June, 1884, p, 482, 
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proportions between the constituent metals are not ato- 
mic proportions, and Guthrie says that ‘ the precon- 
eeived notion that the alloy of minimum temperature of 
fasion must have its constituents in simple atomic pro- 

rtions, that it must bea chemical compound, seems to 
ee misled previous investigators ;” but he adds, ** that 
certain metals may ard do unite with one another in the 
small multiples of their combining weight may be con- 
ceded ; the constitution of eutectic alloys is not in the 
ratio of any simple multiple of their chemical equiva- 
Jents, but their composition is not on that account less 
fixed, nor are their properties the less definite.” 

Guthrie only dealt with alloys of low melting points, 
such as the fusible metals, and it remains to be seen 
whether the observation will apply to alloys with 
higher melting points. My impression is that it does 
apply, at least to the silver-copper alloys, which melt 
below 940° C. For further information upon this point 
we must wait for the development of Mendeleef’s 
theory of solution.* He regards solutions as strictly 
definite, atomic, chemical combinations at tempera- 
tures higher than their dissociation temperatures. De- 
finite chemical substances may be either formed or de- 
com at temperatures which are higher than those 
at which dissociation commences ; the same phenome- 
non occurs in solutions—at ordinary temperatures they 
can be either formed or decomposed. 

In further tracing the analogies between alloys and 
saline solutions, it will be well to see what takes place 
when a current of electricity is passed through an alloy. 
Take first the case of a fluid alloy through which a cur- 
rent is ; we have spoken of alloys as solutions. 
If they be ordinary chemical solutions, it has been 
urged that an electric current of sufficient strength 
ought to decompose them, and it becomes a most im- 
portant question to determine whether an ordinary me- 
tallic alloy can conduct electrolytically like a salt solu- 
tion, or whether it conducts asa metal would, that is, 
without being decomposed. 

The question therefore arises, Can a well-marked alloy 
or a quasi-compound be in the slightest degree elec- 
trolyzed by an exceedingly intense electric current ? 
Some experiments conducted by M. Gerardin,+ in 1861, 
satisfied him that amalgams of sodium and mercury 
might be decomposed by an electric current, with par- 
tial separation of the constituent metals. The experi- 
ments were repeated by Dr. Obach, { who -— 
the apparatus shown in the diagram (Fig. 3). The 


Fie. 3. 


The sodium amalgam is inclosed in the glass vessels, A A’, and metallic 
communication between them is secured by opening the stop cock, C, 
and sucking the amalgam into the bent tube, B. An atmosphere of 
dry hydrogen is provided by means of the tubes, D D’, and the con- 
necting tube, E. The current 1s transmitted throngh the amalgam by 
the battery terminals, F F’. Subsequent examination of the sodium 
amalgam proved that no separation been effected by the current, 


composition of the amalgam was unaltered by the pas- 
the current. He also used Wchened tales con- 
taining melted alloys, and proved that no decomposi- 
tion could be observed after the passage of the car- 
rent. 

Last year, at the request of the Electrolysis Com- 
mittee of the British Association, I took up the in- 
quiry.§ and by employing an intense electric current 
from secondary cells, showed that no separation took 
place in either certain alloys of lead and gold, or in 
alloys of lead and silver, even with so strong a current 
as 300 amperes. The method employed is indicated by 
the diagram (Fig. 4). The experiments are given in de- 


Fie. 4. 


The alloy under examination is inclosed in the cavities, L L’, cut in a fire- 
brick, F F F. The cables from the secondary battery, P P, are con- 
nected by means of the copper holders, H H. with wrought iron ter- 
minals, 11. ‘The cavities, E M, D M, in the block are arran: 80 as 
bs enable samples of the molten alloy to be withdrawn from time to 

me. 


tail in the report of the British Association for last year, 
and it will be sufficient to say here that as the question 
at present stands, it would seem that fluid alloys con- 
duct just like metals, and not like salt solutions ; but as 


** Chem. Soc, Journal,” 1887, p. 778. 
_+ “Comptes Rendus,”* t. xliii. (1961), p. 727. 
“Ann. der Phys. u. Chemie,” Sup. vol. vii. (1876), p. 


§ Report, British Assoc., 1887, p. 341, 


Dr. Lodge has pointed out with reference to these ex- 
periments, “if the question as to the possibility. of the 
electrolytic separation of true alloys of metals should be 
answered in the negative, there must surely remain a 
group of bodies on the borderland between alloys proper 
and electrolytes, among which some gradual change 
from wholly metallic to wholly electrolytic conduction 
is to be looked for.” 

In the case of solid alloys—solidified solutions of me- 
tals, that is—the nature of the evidence is very differ- 
ent, for the e of the electric current through 
solid alloys reveals the existence (1st) of certain well de- 
fined compounds of the metals, and (2d) affords abund- 
ant proof that in certain alloys the wetals exist in allo 
tropic states. And here I wust go back chronologically, 
and refer to the classical work of Matthiessen, published 
in 1860.* He showed that the electrical conductivity of 
all alloys may be graphically represented by one or other 
of three typical curves, which, as the diagram indicates, 
are respectively U-shaped (Fig. 7), L-shaped (Fig. 5), or 
straight lines (Pig. 6). On adding gold to silver, for in- 
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stance, there is a rapid decrease of conductivity, silver 
being 100, and the curve gradually turns round and 
then rises without any break to the point representing 
the conductivity of gold. 

In the case of the silver-copper series, silver being 
100 and copper 96, there is a marked break in the U- 
shaped curve (Fig. 7) corresponding to the alloy, which 
contains 71°8 per cent. of silver, and this is probably a 
definite chemical alloy. 

In the case of the L-sha curve (Fig. 5), represent- 
ing the conductivity of the copper alloys CuSn; and 
Cu8n, (which contain seusnedieaee 61°8 and 68°2 per 
cent. of aren are probably definite compounds,} and 
a view which is confirmed by Laurie, who has shown 
quite recently by anothert method—by determining the 
electromotive force of the copper—the series that prob- 
ably SnCu; is a chemically definite alloy. The nature 
of the evidence is as follows : 

‘*Mr. Laurie finds that if the zine plate of a Daniell 
cell be replaced by a compound plate, formed by join- 
ing copper and zine, the cell has the same electromo- 
tive force as one in which zinc alone is used. This is 
true even though the zine surface be only yy, part of 
the copper surface. If the zine > be replaced by 
copper-zine alloys, no deflection of the electrometer is 
observed as long as the alloy contains less than 67 per 
cent. of zine. t this point, however, a big deflection, 
practically equivalent to that given by zine, is suddenly 
obtained. This result, in his opinion, may be taken as 
evidence of the existence of a compound of the two metals 
of the formula CuZns. 


force is observed when the proportivun of tin in the alloy 
exceeds that which would be contained in a compound of 
the formula SnCu;. This result is in harmony with the 
evidence already obtained by observations of the dens- 
ity and thermal and electrical conductivity of the cop- 
per-tin alloys. If an alloy containing a larger percent- 
age of tin than SnCus,, in a state of fine division, be plac- 
ed in a copper cup, and used in place of the zine in a cu- 
prous chloride cell, the excess of tin is gradually eaten 
out, leaving approximately the alloy SnCus. This alloy 
undergoes no change if the circuit be kept closed.” 

Of all the researches made by Matthiessen, nearly 
thirty years ago, none are of more interest at the pre- 
sent time than those which enabled him to obtain evi- 
dence as to the existence of metals in different allotropic 
states in alloys. 

Turn, for instance, to the tin-copper curve ; he points 
out that the decrement in the conductivity produced 
by the addition of a minute quantity of tin to copper is 
very rapid, and he urges that the amount of tin is far 


= Phil. Trans. Roy. Soc.,"’ 1860, p. 161. 

+ See Roberts-Ansten, “Phil. Mag.” [5], vol. 551; and 
Lodge, “ Phil. Mag.” [5], vol. 
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too small to permit the belief to be entertained that 
true chemical combinations had been formed, and by 
such reasoning he was led to his great generalization, 
that metals may sustain change in their molecular con- 
dition by union with each other in a fused state. I 
hope to show that this may be true, even when a 
“trace” of one metal is added toa molten mass, but 
the question of allotropy in metals and alloys must be 
left for the next lecture. 
(To be continued.) 


(Continued from SurrLemMENT, No. 674, page 10771.) 
ON THE CAUSES OF VARIATION IN ORGANIC 
FORMS.* 


By ©. V. 


The Brooksian Hypothesis.—I have already alluded 
to Brooks’ hypothesis under the head of sexual 
differentiation, and his work on heredity must be so 
familiar to you that his views need but a passing 
notice. He believes that sex differentiation means fun- 
damentally a physiological division of labor, and that 
the male is essentially the progressive or diversifying 
and the female the,conservative agent. As organisms 
gradually increased in size, as the number of cells in 
their ies became greater, and as the differentiation 
and specialization of these cells became more and more 
marked, one element, the male cell, became adapted 
for storing up gemmules and, at the same time, gradu- 
ally lost its unnecessary and useless power to transmit 
hereditary characteristics. 

The theory finds support in some of the phenomena 
of life, and doubtless aero a law not easily estab- 
lished, for which reason it will not be readily accepted. 
It leaves entirely out of consideration some of the 
forces at work which I have already indicated, and in 
so far must be considered only a law of secondary im.- 
portance. However much we may admit the general 
truth that the germ cell continues the past and the 
sperm cell tends to diverge from it, asa purely dynamic 
proposition, inducing variation for natural selection to 
play upon, it does notin any way decrease the over- 
whelming importanée of the female in inducing, 
through psychico-physiological influences, a needed 
and purposeful modification in the manner which I 
have already expounded. 

Having thus considered some ofjthe proximate causes 
of variation and some of the more general laws of evo- 
lution, we are naturally led, in conclusion, to considera- 
tion of original or infinite cause. Far be it from me 
to try your patience with any prolonged speculation 
upon the more profound problems of life and of futu- 
rity, which have been dealt with by able men of all times 
and with such conflicting and be ag results. I shall 
content myself, in closing, with a few words upon 
those themes which as biologists we cannot ignore, 
and to which the subjects we have been considering in- 
evitably lead. 

Mind, as exhibited in organic evolution, however 
simple or complex may be its manifestations, is, in 
essence, one | the same force. There is an undoubt- 
ed gradation from simple sensitiveness and volition to 
the more complex instinctive and reasoning faculties of 
higher animals. The consensus of opinion of biologists 
who have given the subject any serious consideration 
is that animals exhibit all our mental endowments in 
degree. They possess desire, affections, imagination, 
memory, comparison, judgment, and all the other at- 
tributes of human intellect, more or less perfectly de- 
veloped, and there should be no more doubt of the 

ual evolution of man’s intellect from pre-existing 
ower and simple forms of aggregate mind than there 
is in the derivation of his more complex and powerful 
brain (the wedium of mind) from smaller and simpler 
| mean or of his body from simpler, less specialized 
orms. 

Some of our profounder thinkers feel that all the 
phenowena of the universe are but forms of motion, 
and that the t final and creative force may best be 
imagined as the center and the source of motion. In 
this light, it is, perhaps, not too much of an exaggera- 
tion to conceding to plants a certain amount of mind, 
and in establishing the fact of universal movement in 
plants ; in showing that circumnutation is an inherent 
quality or manifestation of plant life, Darwin may 
well be said, as Professor Ward has expressed it, ‘to 
have gotten at the final cause of all evolution.” In- 
deed, it must be difficult for a botanist, considering 
that all the terminals of a plant, whether beneath or 
above the ground, are constantly feeling and choosing ; 
or when he reflects on the wonderful motions and 
selecting power of climbing plants, but more parti- 
cularly on the strange phenomena exhibited by insect- 
ivorous and entomophilous plants—it must be difficult 
for him, Il say, to relegate to the limbo of the uncon- 
scious, the whole of his pet kingdom. In his letters, 
especially to Hooker, Darwin says, speaking of the cir- 
cumnutation of Echinocystis lobata : “The tendrils 
have some sense, for they do not grasp each other when 
young,” and again of the movewents caused by light, 
gravitation, ete., he says: ‘It has always pleased me 
to exalt plants in the scale of organized beings, and J 
have therefore felt an additional pleasure in showing 


of a root possesses.” In studying the movement of 
flowers, especially in their sexual relations, I have of- 
ten felt, with the poet: 

“Tis my faith, 


That flowers enjoy the air they breathe,” 


and that, however much conscious sensation may have 
lapsed in most of their maifestations of growth, sensa- 
tion may still be conscious, and mind still work, in 
dim season of reproduction, in the 
specia and rep: wer nee oy t may be a fancy, 
but who can prove it unjustified ? ‘ " 
Where, then, shall we draw the line in the evolution 
of mind between the high degrees of consciousness in 
animals and self-consciousness which is believed to be 
a uliarly human attribute and at the foundation of 
all that constitutes conscience and makes him a moral 
and responsible being? The nnings of self-con- 
sciousness are traceable in animals, since many of the 
phenomena of sexual selection and the well known 
sense of shame in our domestic associates could scarcely. 
have resulted without it, and it seems to me illogical 


* Address by C. V. Riley, vice-president, section F, before the section 
of biology, American Association for the Advancement of Science, at the 
meeting, August, 1888. 
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to argue, as some of our best writers on evolution have 
done, that self-consciousness is an attribute that must 
have been breathed into man by special, supernatural 


act. 

From the consideration of the general subject of 
mind in nature, we are brought inevitably to the ques- 
tion of design. There can be no doubt that the tend- 
ency of evolution has been to remove further and fur- 
ther the idea of an infinite first cause, and pure Dar- 
winism exhibits to us a cold and cruel world—exem- 
piitying the Hobbesian theory of self-love, nothing 

aving any reason for existence except its own welfare. 
It leaves out all the higher beatitudes of nature, the 
higher aspirations of men, and all those internal yearn- 
ings or laws of internal growth and influence, not for 
the individual alone, bat for the good of the whole. 
Natural selection, while not disproving design, pushes 
back the argument and limits it to the order of nature 
as a whole, since much of the modification and adapta- 
tion is accounted for by known and recognized physi- 
cal conditions. 

The argument for design, however, as Asa Gray has so 
well set forth, rests on the fact that the designed and the 
cont‘ngent can never be accurately descriminated and 
that limitation, in the very nature of the case, is incon- 
ceivable. There are those who see only in nature the 
inevitable and necessary manifestation of the forces of 
the universe, and assume them to have been without 
beginning and to be without end. There are others 
who find in the unity—the oneness—of the forces of 
nature full evidence of design. So far as logical in- 
quiry will aid us, the recent controversy between 
Messrs. Cope and Montgomery may be cited as typical 
of that which has always separated the two schools, 
and sufficiently shows how opposite conclusions may be 
reached by those equally able and equally convers- 
ant with the evidence. The former contends that 
mind exists independent of matter, or, to use his 
own words, “ primitive consciousness exists in prim- 
itive forms of matter, and constitutes a primitive 
person, or deity ;” while the latter maintains that 
the mind of living beings is, itself, only a product 
or outcome of their organization. 

Darwin, as is evident from the * Life and Letters,” 
was induced by his life work gradually to abandon 
the rigid tenets of the Christian jchurch and to substi- 
tute therefor a more latitudinarian form of belief. He 
was content to limit his investigations to truly scientific 
methods, realizing fully that all speculation in refer- 
ence to the great first cause involves the discussion of 
the supernatural, which is necessarily beyond the nat- 
tural. The discussion of these questions can be very 
little affected by the methods of natural science, and the 
more thoroughly we recognize this fact, the better it 
will be for both religion and science. It ill becomes us 
to be dogmatic in questions beyond the limits of in- 
duction, or where the mind attempts to fathom by de- 
duction and speculation. Natural science necessarily 
deals with natural causation. 

A few expressions from the “ Life and Letters” may 
be quoted here. Darwin says: ‘“ The old argument 
of design in nature, as given by Paley, fails now that 
the law of natural selection has been discovered. We 
can no longer argue, for instance, that the beautiful 
hinge of a bivalve must have been made by an intelli- 
gent being, like the hinge of adoor by man. There 
can be no more design in the variability of organic 
beings and in the action of natural selection than in 
the course the wind blows.” He asks whether we are 
to believe that organic forms in nature are preordain- 
ed. If so, why should we not believe that the varia- 
tions of domestic animals and plants have been preor- 
dained for the sake of the breeder; yet if we give up 
= principle in the one case, we must do so in the 
other. 

Again: ‘* No shadow of reason can be assigned for 
the belief that variations in nature have not been the 
result of the same general laws which have formed the 
groundwork, through natural selection, for the forma- 
tion of the most perfectly adapted animals in the world, 
man included, without intentional or specific guide.” 
Yet, while he was willing to remain an agnostic, feel- 
ing that the beginning is insoluble by us, he gave 
some of the most cogent reasons, aside from the feel- 
ings and emotions, for the belief in the existence of a 
first cause—of a God. In his correspondence with 
Gray, he shows how he cannot bring himself to believe 
that a beneficent and omnipotent God could have de- 
signed the characteristics of parasitic and carnivorous 
creatures, with all the other heartless manifestations 
in nature. Yet he was not content, in contemplating 
the nature of man, with the idea that everything is 
the result of blind force. He believed in design, with 
the details, whether for good or bad, left to the work- 
ing of what, for want of a better term, we call chance. 
With the utmost candor, he confessed that this view 
was not at all satisfactory to him, but that the whole 
subject was too profound for the human mind, liken- 
ing our speculations upon it to those of a dog on the 
mind of Rowton, and believing that each man should 
hope and believe what he could. 

gain, in a letter to Lyell, June 4, 1860, he remarks, 
** As squared stones, bricks or timber are indispensable 
materials for a building and influence its character, so 
is variability indispensable in influencing selection ;” 
and that, ‘in the same manner as an architect is the 
all-important person in the building, so is selection 
with organic bodies.” The parallel is evidently weak 
here, and we may well insist that, from Darwin’s own 
statement, the idea of an intelligent architect or de- 
signer in the one case is as all important as in the 


other. The same is true to some extent of the argu 


ment from artificial selection, or the manner in which 
intelligent action in man acts on domestic or cultivated 
organisms, This is not limited to the mere choosing 
of chance variation in beneficial directions, but involves 
also purposeful feeling, training, and treatment, to in- 
duce the desired amelioration and variation. Just as 
the production of new forms among domestic animals 
or cultivated plants implies a pur a designer—so 
may the origination of such forms in nature imply in- 
telligent design. 

Both Lyell and Gray believed in the form of variation 
having been planned or designed. It seems to me that 
the evidences of design in nature ure so overwhelwing 
that its advocates have an immense advantage over 
those who would discard it. A fortuitous cosmos is, to 
most persons, utterly inconceivable ; yet there is no other 
alternative than a designed cosmos. To accomplish 
anything by a process, or by an instrument, argues 


greater, not less power, than to do it directly, and 
even if we knew to-day all the causes of variation, and 
understood more thoroughly than we do the method 
of evolution, we should only carry the sequence of 
causes a step farther back and get no nearer to the in- 
finite or vriginal cause. 

The most philosophic view is, een 3 that which, 
while recognizing an intelligent creative power, or 
mind, Ream has worked and is yet working through 
ordained laws, yet leaves the detailed manifestations 
to secondary causes and finite action. Limiting con- 
ditions, or laws, since law is but a limiting condition 
and nature an active power, may act together in pro- 
ducing secondary causes, but the great and infinite 
cause may be looked upon as that which upholds the 
universe. 

The tendency of those who would advance theo- 
logical conceptions from evolutional grounds is doubt- 
less to some monotheistic form, or a sort of psychical 
pantheism, which sees the infinite immanent in nature 
—an all-pervading, interpenetrating essence. This 
is the all conscious, and I kuow of no better in- 
tellectual conception of immortality than resolution 
of the finite individual life and conscience into the 
all-life, all-conscious—a conception justified and affirm- 
ed as it is by evolution. Buttheone great point which 
I wish to emphasize in alluding to these differing views 
is that, beyond the limits of the scientific method, 
speculation becomes faith, and the most profound 
writers are obliged to use the simple J believe which 
most theologians begin with. The sentiments which 
constitute true religion—the sense of impenetrable 
mystery and moral obligation; the higher human- 
itarian omy g and hope of future life—are apart 
from science, and cannot, therefore, be affected inju- 
riously by its methods. 

Evolution logically involves the idea of the origination 
of life from the inorganic forces at work on our globe, 
and only in this sense does it modify our conception of 
the Creator. The one vivifying force in nature must 
needs be an endless source of power and movement, with 
the potency of all that is in what we call universe. Art 
and plan being manifest therein, the power must needs 
be intelligent, and we can compare it with nothing 
more satisfactorily than with our own conscious think- 
ing power, whether we call it soul, spirit, the absolute, 
the infinite, the unconditioned, the unknowable, the 
creator, the divine mind, the supreme will, God, or 
by what other nominis umbra we choose to express the 
conception. 

And now, ladies and gentlemen, wisdom admonishes 
me to be brief. I have ventured just within the ques- 
tion of design because of the prevalent belief that 
evolution eliminates it from our conception, and be- 
cause I have felt that as between the extreme schools 
the middle ground chosen by our late lamented Gray 
is far the more satisfactory and philosophical. On the 
other co question of what life is, or how it origin- 
ated, | commend the candor of Marsh in closing his 
address as president of the Association in 1877 with the 
words : “ In this long history of life, Ihave said nothing 
of what life is. And for the best of reasons, because I 
know nothing.” 

If we endeavor to formulate the idea of life, we shail 
not lack for excellent guidance in past utterances of 
those who have been and who are yet membeis of this 
section of the Association. In fact, we may well feel 
proud to live in the generation which has produced 
some of the ablest experimenters, whose work will have 
enduring influence in bringing us nearer to a true com- 
prehension of the forces under which we live. Pro- 
fessor Barker, in his presidential address for 1880, on 
“Some modern aspects of the life question,” seemed to 
some of us on the verge of chemically and physically 
explaining and defining the thing itself; and, yet, 
though we seemed, while listening, to near the gates 
which opened the secret, we got but a glimpse into the 
great mystery. It matters very little whether we fol- 
low the great writers who have wrestled with this 
question in the past or those who have been or are 
still with us, we must acknowledge our utter incapa- 
city to comprehend the most patent phenomena of our 
being. We try in vain to analyze life ; we try equally 
in vain to measure thought. 

A little transparent colorless material christened 
protoplasm is believed to be the physical basis of life 
and the seat of all those marvelous powers and proper- 
ties belonging thereto. We may trace back from death 
and diasclation the individual life to its very genesis 
in the organized cell, or ovum; we may farther 
back, and trace it to the unorganized nitrogenous 
hydrocarbon compound which has been named proto- 
plasm; but we yet fail to apprehend the cause of its 
vital functions, of its powers of assimilation, irrita- 
bility, and reproduction—the potentiality of the living 
as compared with the dead stuff. So in the past his- 
tory of the type, we are led back to the same mystery. 
Ontogeny and phylogeny alike lead us to the riddle of 
the beginning of life. uxley may well say that the 
process of development of the egg, like that of the seed, 
is neither more nor less mysterious than that by virtue 
of which the molecules of water, at the freezing point, 
build themselves into regular crystals. In either case 
it must be very largely a question of temperature. 
But while in the case of water the effect is at a fixed 
degree, in the case of organic life the degree is variable. 
We may say, with one of our most profound and re- 
spected writers, that organic compounds are ‘ sub- 
stances whose highly complex and very unstable mole- 
cules are composed themselves of inorganic compounds 
or of organic compounds of lower organization formed 
on the cool surface of fully developed plants at life-sup- 

rting temperatures.” We may assume that increas- 
ing complexity and instability of nitrogenous sub- 
stances give us proteids and me | protoplasm. We 
may find that the forces upon which the movements 
and changes of this substance depend are the ver 
same which determine those of a drop of water or a bit 
of mucilage ; that all its movements are referable to 
the mechanics of molecules as exhibited in liquids. 
But the fact remains that the physicists who help us to 
a better understanding of the material properties and 
processes of protoplasm are only dealing with the me- 
thods, and no more solving the great mystery of life 
than did Darwin or any of the other workers who have 
helped us better to comprehend its processes. 

It was my privilege in years gone by to meet fre- 

uently with a little coterie of ‘enn in St. 

uis, which included men like Wm. T. Harris and 
Thos, Davidson, who have acquired national reputa- 


tion. With strong inductive tendency of min 

all the more anxious to follow their eis Pan 
of the philosophies of Aristotle, Kant, and Hegel, but 
was too often overwhelmed with the fecling that my 
friends were dealing in mere words and that Philologic 
juggling too often passed forreason. May we not truly 
say the same of those biologists who endeavor to give 
us a purely physical or materialistic explanation of life ? 
I have certainly sometimes felt, in following their writ- 
ings, that we scarcely get away from the thraldom of 
mere words. I felt this strongly again, while lister in 

to the symposium by a number of our greatest authore 
ties (Schafer, Lankester, Krause, H. M. Ward, Carnoy 
Hartog, Gardner, and Sedgwick) on the present aspects 
of the cell question at the meeting of our sister societ 

in Manchester last autumn ; for if there was one result 
which waety came out of the discussion, it was that 
protoplasm is not a mere chemical substance, but a 
complex structure. Yet what stupendous import has 
been given to it in biologic literature, since Von Mohi 
first used it to indicate the slimy substance within the 
vegetal cell and Huxley aggrandized it as the ‘* physical 
basis of life.” Neither it, nor Lankester’s plasmogen 
nor Weismann’s idioplasm, nor Coues’ transcendental 
biogen, helps to any more real conception of life itself 
than does Hinrichs’ pantogen, which he calls the 
“primary chemical oe. or the element of ele- 
ments,” and upon which he bases his theory of ato. 
mechanics. 

The genesis or formation of individual life, in spite of 
saint and sage, is yet a mystery, and probably always 
will be, and the exact site of the origin of the repro- 
ductive cells, according to one of our best authorities 
(Allen Thompson), is even a matter of doubt. 


** Hunt as we will all matter to the end, 
Life flits before it: last as first we find 
Naught but dead structure and the dust of fact ; 
The infinite gap we cannot apprehend, 
The somewhat that is life—the informing mind.’ 


All that evolution recognizes is the transmutability— 
the generic identity—of the forces of nature, which, in 
their aggregate action. may properly be defined as 
omnipresent energy. We know, as a matter of the 
simplest observation, that this combined force, or 
energy, is essential to the continuance of life, not onl 
upon our planet, but, deductively, in the universe. We 
are justified in inferring that it is capable, under fit 
conditions, of originating life from what we know as 
non-living matter. Evolution, in fact, inevitably leads 
to the inference that vital force is transmutable into, 
and derivable from, physical and chemical force. It im- 
plies, and necessarily implies, abiogenesis, either now 
orat some remote period in the history of our earth; 
and notwithstanding experimentation and advance in 
our knowledge of micro-organisms overwhelmingly re- 
fute Bastian’s conclusions, or the idea of the present 
origination of organic from inorganic matter, so far as 
forms within our ken are concerned, yet it seems to me 
perfectly logical to infer a world of beings which our 
strongest instruments fail to reveal to us, among which 
abiogenesis is possible to-day or archebiogenesis was in 
the past, just asthe molecule is a necessary physical 
conception, though it may never be revealed to us. 

It may be true that phylogeny postulates the deri- 
vation of all forms of life from a similar simple cell and 
that, to use Joseph Le Conte’s language, ‘“‘the funda- 
mental law of embryology teaches us that the history 
of the phylogenetic evolution of organisms is mirrored 
in miniature in the ontogenetic development uf each 
individual;” but in ontogeny the simple cell from 
which the individual starts has a potentiality, a some- 
thing which makes it different from another, and it does 
not help us much to have this something called the 
memory of the plastidules. 

We have thus been led, while considering the causes 
of evolution, to the conviction that they are in the end 
referable to an infinite first cause and that evolution 
in nowise dispels the idea of a Creator, or need in any 
way affect religious sentiment ; for, while it destroys 
much of the folly and superstition that belong to the 
ideas which grew out of the false notions of cosmogony 
weep in the early infancy of the race, it points to 

igher and nobler forms of religion and to a better 
code of morals. Religion is born of the “ delirious yet 
divine desire to know,” and largely grows out of unex- 
plained phenomena. Evolution is a principle which to- 
day pervades and rules the whole realin of philosophy. 
It establishes a noble conception of divine nature, and 
exhibits God in his works. No longer “‘one touch of 
nature,” but,essentially, “evolution,” ‘‘makes the whole 
world kin.” It is a bond that holds all life together. 
It shows us man as a part of the life everywhere about 
him, and promises advantage to him in more intimate 
knowledge of that life from which he used to think 
himself entirely severed by supreme will. 

Evolution teaches that nothing is yet so perfect but 
it may be improved ; that good comes of the struggle 
with evil. and the one can never be dissociated from the 
other. The erect position which has given man his in- 
tellectual pre-eminence has brought him manifold 
bodily ills. No evolutional sibyl looks to a millennium. 
Higher development must ever mean struggle. Evo- 
lution shows that man is governed by the same laws as 
other animals. Environment has induced some of his 
most marked race characters, and individual variation 
is greater in him than in most creatures, and this is 
his surest promise of betterment. The dime museum 
is eloquent of the fact that were any bodily variation 
useful, from an elastic skin toa hundred and one ab- 
normal qualities, selection would have no end of vari- 
ation to choose from. Differentiation has gone on and 
is going on to make him the most heterogeneous in 
function, whether of brain or muscle, of all species. 
The difference between the hand of a Josef Hofmann and 
of the average plowman is one which involves a large 
number of correlated differences, and is functionally, if 
not structurally, greater than that between the non- 
opposability of man’s great toe and its opposability in 
the higher apes—a difference which has been so much 
made of, but which finds its gradations in Eastern peo- 
ples who use their toes in ‘ handling” tools. 

Evolution is particularly promising to us as a people. 


“The spirit grows with its allotted spaces ; 
The mind is narrowed in a narrow sphere.” 


The diversified environment and the commingling of 
so many nationalities have stimulated variation and 


progress, making us foremost in invention and 
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material growth. The distinctive American type, not 
yet fixed, but forming rapidly, must profoundly influ- 
ence man’s future on the globe, and evolution teaches 
that, by so far as the contest is severe with those forces 
which are Cees ae destructive to liberty, will 
the final improvement be greater. The effort and ad- 
vancement of to-day, in all directions, will form the in- 
heritance of future generations. 

But the struggle for existence in civilized man is no 
longer one solely for physical adaptation to natural 
environment or physical ae but is one rather of 
ideas and purposes. It goes on in an environment of 
intellect and morals. 

In addresses before this Association, Professor Morse 
has eloquently alluded to some of the more practical 
teachings of evolution as they should (and in the future 
doubtless will) affect governmental and political action. 
The higher forms of human law and order acquire 
meaning when we realize that crime is largely the per- 
sistence of ancestral traits, and that our laws are best 
when best suited to eliminate these barbarous propen- 
sities from the race. Wecan scarcely do our duty even 
to the criminal without a due comprehension of the 
power of heredity to jump back to an ancestral copy 
even in minutest detail. 

The old forms of theology have comsutnge? a species 
of parasitism by denouncing man, as a whole, as con- 
demned to eternal damnation—as inherently wicked by 
inheritance—and by offering him salvation through the 
help of others. Evolution teaches the care and preser- 
vation of the body, and not its sacrifice ; it teaches that 
right living and right doing ennoble ; that inactivity, 
parasitism, viciousness of every kind, are degenerative 
forces in bringing disease and suffering and retribution. 
It shows that the worst ills are part of a legacy which 
no court admits to probate, but which nature executes 
relentlessly. It teaches the importance of proper en- 
vironment and influence, especially in childhood, in 
order to improve what we may inherit for good and 
counteract what we may inherit for bad. It shows the 
necessity of establishing the habit of right doing and 
right thinking where the old systems neglected both 
body and mind and relied on preaching and punishment. 
It teaches that our moral and penal codes should be so 
framed as to prevent the propagation of diseased and 
vitiated constitutions. It teaches that every increasing 
advanee follows use and effort, while degeneracy fol- 
lows disuse and “eo It teaches that man has 
risen from a lower, not fallen from a higher state ; that 
from simple social conditions complex ethical con- 
ditions have resulted. It teaches that no work is 
complete, and posits of man unlimited advancement 
in the future; for every advance in knowledge and 
every new application of science increase his moral 

wer. 

Ecclesiasticism lands the naturalist in skepticism 
and doubt of all that has been taught him as to 
the past and the future. Evolution reveals a past 
which disarms doubt and leaves the future open with 
promise—unceasing purpose—progress from lower to 
higher. It promises higher and higher intellectual 
and ethical attainment, both for the individual and the 
race. It shows the power of God in what is universal, 
not in the specific; in the laws of nature, not in de- 
parture from them. It may lead to some modification, 
ascompared with Judaism, of the ideas of the future, 
as it has of the past ; for ifthe possession of the higher 
attributes which we denominaie by the term soul is 
the best promise of immortality, I believe there are 
many dumb creatures who are surer of it than many 
human brutes. All the word-moulding ; all the rhetoric ; 
all the sophistry of those who, cradled in Mosaic theo- 
logy but graduated in evolution, attempt to frame from 
the teachings of this last a post-mundane heaven of 
unalloyed joy for man alone must, in my judgment, 
come to naught. Their efforts remind me of the recon- 
cilers whose business is, as Huxley has so well put it, 
“to mix the black of dogma and the white of science 
into the neutral tint of what they eall liberal theology.” 
Let us not deceive ourselves! What we accept as to 
the resurrection of the individual is based on other evi- 
dence than that of evolution, and is mainly a matter of 
faith, and when it comes to forms of faith, those are 
best which best subserve the moral and intellectual 
growth and development of society and which at the 
saine time bring comfort and hope to the individual. 
The few great beliefs which have controlled the re- 
ligious sentiment of the world have all hel to 
those ends and have been good in their day and clime. 
The teachings of Christ, in their simpler and purer in- 
spiration, and freed of the narrowing incrustations of 
schism and dogma, transcend them all, and are, in fact, 
an evolution from them. Our faiths will vary as they 
have varied. Those who have attained to altruism 
may find sufficient joy and reward in present existence 
with its love and duty and conscious self-development, 
and rest satisfied to leave to destiny the future after 
death ; to candidly avow them ignorant of it—agnos- 
ties. Others may feel no regret in the conviction that 
there is no continuity of state, but only of being ; that 
eternal unconsciousness—eternal rest—awaits the close 
of individual life. But we should not forget that the 
mass of mankind are incapable of like unconcern, and 
that a faith to them is precious and even necessary. 
Nor should we forget that the evolution which we, as 
individuals, have undergone, with all its risks and 
dangers, awaits every new individual born. The child, 
up to a certain age, and the mass of mankind at ma- 
turity, are, in apprehension, only as our savage ances- 
tors, and must be taught the truth ae to 
their light. The experience gained by those who have 
reached the highest ethical and intellectual growth 
must be formulated in precept and principle to be of 
any benefit to society at large, and the higher ethical 
Sentiment and religious belief—faith, love, hope, char- 
~ +g priceless beyond all that exact science can 

ve it. 


THE CHULPAS OR TOMBS OF UMAYA. 


AmonG the ancient Peruvians, those who inhabited 
the coast, the Yungas, had their burying places at the 
foot of the hills, in dry and sandy localities, sometimes 
burying the dead horizontally, at other times perpen- 
dicularly, and almost a! ways in subterranean chambers 
made of sticks and reeds. They placed at the threshold 
all the objects which the deceased most esteemed in 
life—the fisherman with his nets, the agriculturist 


With his instruments of labor, and the artificer with 
little mortars and curious balances. In the bury- 


ing | of Ancon, also in Trujillo and Canete, are to 
be found many archeological riches that will assist 
our knowledge of prehistoric times. 

In Chincha the interments were made in mounds; in 
Lunahuana the bodies were placed in a seated posi- 
tion ; in Jauja they were packed in the skins of the 
llama, well sewed up and made to imitate exteriorly 
the faces of the deceased. They were preserved in 
their own houses, and the bodies of those who were 
lords or prominent people, at certain times of the year 
were taken by their sons and carried in procession with 
great ceremonies, and sacrifices were offered to them. 

In Cuzco also the bodies were interred in a sittin 
position, clad and adorned in the finest poe whie 
they possessed in life; but it was in Collao, or Puno, 
where the inhabitants presented the most advanced 
intelligence in respect to the disposal of their dead. 
They constructed small edifices resembling towers, 
either round or quadrangular, which they called chul- 
pas ortombs. There is nothing among the funereal 
constructions of the ancient Americans that surpasses 
these chulpas. They form admirable monuments by 
their grace and simplicity. They present much analo- 
gy to some of the edifices of India and to the Pelasgic 
towers which may yet be seen in Italy. 

The most notable of the chulpas are those of Palca, 
Escoma, Charazani (Bolivia), and Silustani. The last 
named, which exist in eye constitute the best 
types of the class, and are shown in our engraving. 

hey are found in conjunction with many other ruins 
on the banks of the small lake of Umaya, which has a 
higher elevation than that of Titicaca, at a distance of 
fifteen miles from the city of Puno. According to tra- 
dition, this was the cemetery of the Hatun-Collas 
chiefs. The famous tower—the larger one shown in 
our illustration—is of circular form, about 15 feet in 
diameter at its base. It increases to about 18 feet in 
its largest part. Its height is about 38 feet, and at 
about 27 feet from the ground it has an ornamental 
cornice. The entrance, situated at the foot of the 


A winding road leads to the summit of a broad plateau 
that, at present, is anything but park-like, for reasons 
to be mentioned later, but still every vestige of the 
former farm surroundings is wanting. The old worm 
fences, with their wealth of weeds, have been removed, 
and in their stead many sinall trees of different species 
have been recently planted. But the claim of the spot 
to be considered a park does not rest upon this small 
showing ; finished pleasure grounds are not lacking, 
and a grove of oaks and maples, with both a sw 
water and a sulphur spring, is now available for picnic 
purposes, and, I may add, is well patronized. 

Passing by both these finished and unfinished por- 
tions of the park, we proceed to ** The Serpent,” now 
lying directly before us. Upon a jutting tongue of 
level land, that reaches into, and one hundred feet 
above, the beautiful Brush Creek valley, rests that 
mysterious earthwork of an unknown people—a ser- 
pent, fourteen hundred feet in length, with closely 
coiled tail, ree pent curved body, and widely gaping 
pene Beautiful as it is in itself, our interest steadily 

ncreases as we look upon it, from the fact that it ante- 
dates all history. 

Since its discovery and description by Squier and 
Davis, in 1847, the spot has been often written of, and 
more theories have Seon broached concerning its a 
and origin than there are curves in its tortuous length. 
This has not been to the advancement of American 
archeology directly, but it has led to the purchase and 
preservation of the mound by the Peabody Museum of 
American Archeology and Ethnology, of Cambridge ; 
and now it is not only available for all future students 
of ancient America, but its surroundings, some seventy 
acres, have been set apart as a public park, and so are 
of interest to the readers of Garden and Forest. 

I have spoken of the unpark-like condition of the 
high plateau, through which the main drive passes. 
The present disturbed condition arises from the fact 
that every inch of the ground is being carefully explor- 


ed for traces of the serpent builders, and the results so 


THE CHULPAS 
tower, and looking toward the east, as do all the sepul- 
chers of the Aimaras, is of less height than that of a 
man, and in the interior is found a concave chamber of 
about 10 feet in diameter by 12 feet high. This was 
the place destined for the eternal rest of the deceased 
until the resurrection hour should sound, which the 
Indians awaited the same as the Christians. 

The structure is wholly of stone. The parts are 
arranged in horizontal layers; the excellent fitting of 
the stones, the exactness which governs their arrange- 
ment, the solidity of the edifice, which has defied the 
effect of many centuries, and the elegance of the whole 
reveals the great ability of the authors, and shows how 
—y the Aimara people had progressed in architec- 

ure. 

These monuments prove the existence not only of 
one but of various civilizations in Peru, and when 
Manco-Ceapac arrived in Cuzco with his companions, 
he did not find a new people, nor one so barbarous as 
had been believed, but he erected his powerful empire 
over a territory well prepared beforehand, and filled 
with the evidences of past greatness. 

We are indebted for the foregoing and for our engrav- 
ing to Hi Peru Ilustrado. 


[GaRpEN AND Forest.] 
THE SERPENT MOUND PARK. 


THE traveler who happens to be passing along the 
excellent turnpike from Hillsboro to Locust Grove, in 
Adams County, Ohio, is likely to be surprised when his 
attention is called to a prominently displayed sign- 
board, near the eastern end of Brush Cree bridge, 
with the legend: “* Entrance to Serpent Mound Park.’ 
One is not prepared for any such announcement. The 
surrounding country gives no suggestion of a park to 
one who drives for miles throngh a succession of 
thrifty farms and an occasional, sleepy, cross-roads 
village. If we accept the implied invitation of the sign- 
board, and enter the grounds, other notices, conspicu- 
ously posted for our guidance, will be observed, and 
naturally we follow the pointing of one which directs 
to The Serpent,” 


OR TOMBS OF 


UMAYA, PERU. 
far go toward the establishment of the view that the 
ee who erected the earthwork were not historic 

ndians—Cherokee or Shawnee, as has been asserted— 
bat a race akin to, if not identical with, the ancient 
Mexicans. But I will not further trespass upon the 
work nor anticipate the conclusions of Prof. Putnam 
who is conducting these explorations in a thorough and 
able manner. 

The setting apart of a considerable tract in the midst 
of a rich farming district, as a public park, in connec- 
tion with the preservation of this invaluable relic of 
the past, was a most happy thought; and additional 
educational interest centers in it from the fact that 
Prof. Putnam has established here an arboretum on a 
limited scale, by having planted specimens of the many 
trees native to the region, thus returning it to the con- 
ditions obtaining previous to the advent of the white- 
man. 

As years roll by, this beautiful spot will undoubtedly 
become more and more attractive, and the wisdom of 
the establishment of the Serpent Mound Park will be 
universally acknowledged. Let us hope, therefore, 
that the efforts now being made to preserve other eaual- 
ly interesting traces of a forgotten people, in Ohio, ma 
be likewise successful, and not one, but several suc 


parks be the boast of the people of this thrifty State. 
CHARLES C. ABBOTT. 


THE MUIR GLACIER, ALASKA.* 
By Prof. J. W. CHIcKERING, Jr. 


It is within the memory of a | of us that the 
question has been gravely deba whether inside 
= — limits were to be found any genuine- 
aciers. 
* By the acquisition of Alaska, however, that ques- 
= has been settled very emphatica!ly in the affirma- 
ve. 
Besides the sixty-five small residual glaciers of the 
Sierra Nevadas, of California, at an elevation of about 
12,000 feet; and those upon the flanks of Mounts 


' * Read before the Philosophical Society of Washington, May 7, 1887, 
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—— Hood, Baker, St. Helens, and Ranier; Pro- 
‘essor 
the Courier, tells us that in Alaska between 50° 
N. laticude there are probably more than 5,000 gf 
great and small, hundreds of the larger de 
through the forests nearly to the level of 
though as far as at present . knew, only about 
charge into the ocean. 

North of latitude 62° f are found the 
ground being comparatively loWwy e snowfall light. 

Passing up Mangell Nanews, of@@yes are cheered by 
the sight of Patterson glacier in about latitude 57°, and 
then as we hold our course northward glaciers cease to 
be a novelty, and we see them at first high up the 
mountain sides, and then descending lower and lower 
till, entering Glacier Bay, we find that the coast survey 
chart does not exaggerate when it tells us, ‘‘ A glacier 
in every davien.” "Twenty glaciers of respectable ging 
were in sight at once, from the deck of our s er, 
several of them attaining Titanic proportions. 

Professor Muir tells us that between the west side of 
this bay and the ocean the wholeijand surface, high 
and low, with the exception , © summits of the 
higher peaks, is cove wi Meantle of ice from 
1,000 to 3,000 feet thick, discha th east and west 
through many glacial outlets, and connecting with the 
great ice sheet extending in a northwesterly course 
along the flanks of St. Elias Range. It has been esti- 
mated that this ice sheet is large enough to cover the 
whole of Switzerland, mountains, glaciers and all, and 
out of it rise Mount Fairweather with an altitude of 
15,500 feet, and Mount Crillon 15,900 feet, while still 
farther north are Mounts St. Elias and Mangel, with 
an estimated height of 20,000 feet, rising sheer from 
the sea level. 

Evidently this once formed part of a continuous ice 
sheet like that at present covering so wuch of Green- 
land, which flowed over the whole region from the 
mountains as far south as the Straits of San Juan de 
Fuca, but which since the period of most extended 
glaciation has been steadily contracting, leaving at 
present for the most part only the glaciers of the deeper 
mountain valleys. 

Glacier Bay is about thirty miles long, and eight to 
twelve miles wide, projecting in a northwest direction 
from Cross Sound. 

On either hand are evidences of glacial action, the 
rocky islands and cliffs, often from 1,000 to 1,500 feet 
high, are furrowed and polished from bottom to top, 
while every lateral ravine is filled with its glacier, and 
generaily at the mouth of each is a curved terminal 
moraine from one to five miles long, often covered with 
trees of considerable size, and a long way in advance of 
the present ice front. 

The bay narrows as we sail north, and whole fleets of 
icebergs come sailing out to meet us, of every size and 
shape, and exhibiting marvelous color effects from 
snowy whiteness to the deepest conceivable azure. 

The bay divides at its head into two inlets. The 
western and longer has hardly been visited, such is the 
wealth of unexplored nature. 

At the head of the eastern inlet stands the great 
Muir Glacier, named for the professor who, with Rev. 


8. H. Young, went up by canoe in 1879, and, first of 
men, looked u ofA 


i its grandeur. 

We had the good fortune to meet at the glacier foot, 
as we stepped ashore on the sloping beach of the 
lateral moraine, Professor G. F. Wright, of Oberlin, O., 
so well known for his explorations along the southern 
moraine belt from the Atlantic to the ve who, 
with two companions, was spending a month here in 
glacial study. Frow an instructive paper of his in the 
American Journal of Science for January, 1887, I am 
able to state accurately many facts heretofore only 
guessed at. 

The rocky rift between the mountains through which 
the glacier breaks is a little over two miles wide. On 
the east is a triangular beach of glacial detritus, about 
one mile in width at the upper end, and coming to a 
point three miles below, where it runs against a per- 
len ye face of metamorphic slate 1,000 feet in 

1eight, with a mountain behind it rising 5,000 feet. 
On the west, the mountain wall is 2,900 feet. 

The width of the glacier as it issues from its rocky 
banks is 10,664 feet, its curved water front is about one 
mile, and the height of the perpendicular ice wall 
rising from the ocean is from 250 to 300 feet, while a 
little farther back it is 400 feet, thence rising toward 
the east and northeast with a slope of about 100 feet to 
the mile. 

The depth of the water at its base is 500 feet, so 
that the total perpendicular face would be 800 feet, 
or more than half as high again as the Washington 
monument. 

Nine main streams unite to form the ice river, and 
these subdivide into seventeen branches, coming in 
every direction from fully one-half the horizon on the 
perth. These streams are from twenty to fforty miles 
long, and drain a vast amphitheater. é 

Professor Wright found the glacier to have a very 
high rate of motion, as determined by triangulations 
from a fixed base line. The center moved at an average 
rate, from August 11 to September 2, of seventy feet a 
day. Near the margins the motion was ten feet a day, 
making an average for the whole mass of forty feet a 
day. A cross section 5,000 feet long by 700 high would 
give 3,500,000 feet, which, multiplied by 40, gives 140,- 
000,000 cubic feet as the daily discharge. 

The front, during this time, retained its relative 
position, neither advancing nor retreating, but melting 
and breaking away as fast as it was pushed forward by 
the enormous pressure from behind. 

Every ten or fifteen minutes comes a crack, a crash, 
a plunge, a peal as of thunder or heavy artillery, a 
shower of spray thrown up, and a new iceberg is born. 
We saw one mass near the center of the iee front, 
which we had been watching al) day, and which we 
estimated at 200 feet long, 250 feet above the water, 
and 100 feet thick, thus topple and crash and plunge. 
Spray rose as high as the summit, pieces of ice were 
thrown back upon the top of the ice wall, there was a 
shock almost as of an earthquake ; great waves sent 
the bergs crashing against each other, and tossed our 
steamer as if it were an egg shell—and the marvelous 
display was complete. 

The surface of the glacier is, at the sides, where 
the motion is least, smooth and easy to traverse. In 
the eenter it is like the ocean in a storm, so rough 
as to be almost impassable, with crevices and caverns 
nd elefts down into the azure for hundreds of feet. 


ohn Muir, in his notes respecting the cruise -$ the east, the 
80° 


Numerous medial moraines @tretch away toward 
th. and the west, those on the east 
gradually unitin - they are together by the 
pressure of th rapidly ng central mass. 
One contains large blocks of whité marble from many 
miles away. 

Rocky ry rise from 1,000 to 3,000 feet above the 
surface of the glacier, like islands in the midst of a 
mighty river, with the ice heaped up several hun- 
dred feet on the upper side, and with a corresponding 
eddy-like depression below, while a little farther on 
the two streams thus divided unite again at a com- 
mon level. 

From under the glacier are constantly flowing sev- 
eral rivers, with sufficient volume of water to keep 
the — around their mouths quite free from float- 
ing ice. 

One of these streams on the west side is cutting 
through the gravel deposit, more than 100 feet thick, 
and thus uncovering a buried forest of large cedars in 
perfect preservation, one tree being ten feet in circum- 
erence, fifteen feet above the roots. 

This glacier oe agen | filled the whole bay, but is 
now receding with such rapidity that the shores and 
islands of the upper part are bare of forests, and the 
rocks exhibit comparatively fresh glacial grooves and 
_ for several hundred feet above the present water 
ine. 

This region is 7 favorable for study of glacial ac- 
tion, being perfectly accessible, by weekly steamers, 
with very little of exposure or discomfort, save the 
abundant moisture. 

It is to be hoped that this interesting and little known 
= of our country will no longer be neglected either 

y the scientist or the government, and that at no dis- 
tant date a well equipped exploring expedition may be 
sent thither. 


A New Catalogue of Valuable Papers 


Contained in SclIENTIFIC AMERICAN SUPPLEMENT 
during the past ten years, sent free of charge to any 
address. MUNN & CO., 361 Broadway, New York. 


THE SCIENTIFIC AMERICAN 
Architects Builders Edition. 


$2.50 a Year. Single Copies, 25 cts. 


This is a Special Edition of the ScrENTIFIC AMERI- 
CAN, issued monthly—on the first day of the month. 
Each number contains about forty large quarto pages, 
equal to about ook pages, 
forming, practically, a large and splendid Magazine 


in colors and with fine engravings, illustrating the 
most interesting examples of modern Architectural 
Construction and allied subjects. 

A special feature is the presentation in each number 
of a variety of the latest and best plans for private 
residences, city and country, inc'uding those of very 
moderate cost as well as the more expensive. Draw- 
ings in perspective and in color are given, together 
with full Plans, Specifications, Costs, Bills of Estimate, 
and Sheets of Details. 

No other building paper contains so many plans, 
details, and specifications regularly presented as the 
ScIENTIFIC AMERICAN. Hundreds of dwellings have 
already been erected on the various plans we have 
issued during the past year, and many others are in 
process of construction. 

Architects, Builders, and Owners will find this work 
valuable in furnishing fresh and useful suggestions. 
All who contemplate building or improving homes, or 
erecting structures of any kind, have before them in 
this work an almost endless series of the latest and best 
examples from which to make selections, thus saving 
time and money. 

Many other subjects, including Sewerage, Piping, 
Lighting, Warming, Ventilating, Decorating, Laying 
out of Grounds, etc., are illustrated. An extensive 
Compendium of Manufacturers’ Announcements is also 
given, in which the most reliable and approved Build- 
ing Materials, Goods, Machines, Tools, and Appliances 
are described and illustrated, with addresses of the 
makers, etc. 

The fullness, richness, cheapness, and convenience of 
this work have won for it the Largest Circulation 
of any Architectural] publication in the world. 


MUNN & CO., Publishers, 
361 Broadway, New York. 
A Catalogue of valuable books on Architecture, 
Building, Carpentry, Masonry, Heating, Warming, 
Lighting, Ventilation, and all branches of industry 
pertaining to the amt of Building, is supplied free of 
charge, sent to any address. 


Building Plans and Specifications. 


In connection with the publication of the BUILDING 
Epition of the ScrENTIFIC AMERICAN, Messrs. Munn 
& Co. furnish plans and specifications for buildings 
of every kind, including Churches, Schools, Stores, 
Dwellings, Carriage Houses, Barns, ete. 

In this work they are assisted by able and experi- 
enced architects. Full plans, details, and s fica- 
tions for the various buildings illustrated in this paper 
ean be supplied. 

Those who oo ay building, or who wish to 
alter, improve, extend, or add to existing buildings, 
whether wings, porches, bay windows, or attic rooms, 
are invited to communicate with the undersigned, 
Our work extends to all parts of the country. Esti- 
mates, plans, and drawings promptly prepared. Terms 
moderate. Address 


MUNN & CO., 361 Broapway, New YorE. 


‘richly adorned with elegant pictes 


TED 


Scientific American Supplement. 


PUBLISHED WEEKLY. 
Terms of Subscription, $5 a year. 


Sent by mail, pos prepaid, to subscribers in any 
part of the United States or Canada. Six dollars a 
year, sent, prepaid, to any foreign country. 

All the back numbers of THE SUPPLEMENT, from the 
commencement, January 1, 1876, can be had. Price, 
10 cents each. 

All the back volumes of THE SUPPLEMENT can like. 
wise be supplied. Two volumes are issued yearly, 
Price of each volume, $2.50 stitched in paper, or $3. 
bound in stiff covers, 

COMBINED RatTKs.—One copy of SCIENTIFIC AMERE 
CAN and one copy of SCIENTIFIC AMERICAN SUPPLE- 
MENT, one year, postpaid, $7.00. 

A liberal discount to booksellers, news agents, and 


can vaseers. 
MUNN & CO., Publishers, 
361 Broadway, New York, N, ¥, 


0 @ 


TABLE OF CONTENTS. 
P. 


. ARCHITECT RE.—A Public Swimming Bath at Reims.—A new 
building of the Moorish type of architecture.—Its interior and ex- 

The New Hofburg Theater in Vienna.—The completion of the 
modern theater of Vienna after a period of construction of four- 


Ill. LIOLOG Y.—On the Causes ot Variation in Organic Forms.—By 
Cc. V. RILEY.—The Brooksian hypothesis, and generalities of the 
subject with its relation to 10787 


IV. CHEMISTRY.—On the Influence of Sulphur upon Eggertz’s 
Carbon Color Test.—By T. W. HoGG.—A source of error in this 
technical determi 10782 


V. KLECTRICITY.—A Simple Switch and Commutator for Battery 
Use.—A switch board admitting of a great variety of manipula- 
tions, described and illustrated.—1 

Electricity as applied to Mining.—By FRANK BRAIN, M.E.—The 
use of electric motors for raising material and doing other work 
in mines discussed, with figures.—6 illustratiuns..................... 10780 


VI. GEOLOGY.— Apatite Mining in Canada.—The importance as- 
a the apatite mines of Canada, with figures of extent of 

he Muir Glacier, Alaska.—By Prof. J. W. CHICKERING, Jr.—A 
eat Alaska glacier, with graphic account of 
rgs therefrom 


full account of the 
the formation of ice 


VIL. MECHANICAL ENGINEERING.—Piate Edge Planing Machine. 

—A recently constructed machine for planing the edges of ships’ 
boiler plates up to ten feet long.—1 illustration................... .. 1077 

Solutions of Caustic Sodaas Transmitters of Heat.— An interest- 

ing resume of results obtained in investigations on the practica- 
bility of attaining high temperatures in soda solutions.............. 10783 


VUl. METALLURGY.—Alloys.—By W. CHANDLER ROBERTS-AUS- 
TEN.—The first lecture of this most interesting and celebrated se- 
pa with several illustrations of apparatus and diagrams.—7 illus- 
rations 
The “ Heroult ” Aluminum Process.—A new process by electri- 
justrations of the furnace and dynamo em- 


1X. NAVAL ENGINEERING.—Dredging by Suction.—A type of 
dredger using suction as the displacing agent and driving the ma- 
terial to a distance of a thousand feet.—1 illustration.... ........... I 
H. M. 8. Hero.—A new ship of the Conqueror = recently add- 
ed to the British navy described and i/lustrated.—1 il 
The Admiralty Experiment Tank at Gosport.—A tank for de- 
termining the resistance of models of ships and other factors of 
The Submarine Torpedo of Peral.—A twin screw submarine tor- 
pedo boat driven by a secondary electric battery.—2 illustrations.. 10776 


X. PHOTOGRAPHY.—Photographic Notes.—By D. H. W. VoGEet.— 
Notes on gelatine films, isochromatic photography, etching, print- 
ing, and developing processes, with formula....... .........+.cseeees 


PHYSICS.—Spectrum Analysis and Optical Physics.—Interesting 
notes on spectra, on molecular mechanics, and other allied topics. 10783 


lustration.... 


xL 


Y.—Improvements in Dyeing,Tissue Printing, and 


leaching during the nd Half of erp | ~ PAUL JULIUS. 
re 


—Notes on recent advances in dyeing and kin eS 
Millimeters and Equivalents in inches.—By GEorGE B. HEN- 
DERSON.—A valuable table of decimal and fractional equivalents 
Oleomargarine in Great Britain.—A review of the commercial 
aspects of the case and of the effects of legally regulating the 
manufacture Of the product... 


Useful Engineering Books 


Manufacturers, Agriculturists, Chemists, Enginee 
Mechanics, Builders, men of leisure, and profession 
men, of all classes, need good books in the line of their 
respective callings. Our post office department permits 
the transmission of books through the mails at very 
stinall cost. A comprehensive catalogue of useful books 
by different authors, on more than fifty different sub- 
jects, has recently been published, for free circulation, 
at the office of this paper. Subjects classified with 
names of author. Persons desiring a copy have only 
to ask for it, and it will be mailed to them. Address, 


MUNN & CO., 361 Broadway, New York. 


PATENTS. 


In connection with the Scientific Americans 
Messrs. MuNN & Co. are solicitors of American an 
Forei Patents, have had 42 years’ experience, and 
now fave the largest establishment in the world. 
Patents are obtained on the best terms. 

A special notice is made in the Scientific Ameri- 
can of al) inventions patented through this Agency, 
with the name and residence of the Patentee. By the 
immense circulation thus given, public attention is 
directed to the merits of the new patent, and sales or 
introduction often easily effected. 

Any person who has made a new discovery or inven- 
tion can ascertain, free of charge, whether a patent 
ean probably be obtained, by writing to Munn & Co. 

We also send free our Hand Book about the Patent 
Laws, Patents, Caveats, Trade Marks, their costs and 
how procured. Address 


MUNN 
361 Broadway, New York. 
Branch Office, 622 and 624 F St., Washington, D. C. 4 


tes 
be, 
| 
1 
I. ARCH ZOLOGY.—The Chulpas or Tombs of Umaya.—The An- Fae 
cient Peruvian burying towers.—1 107 
The Serpent Mound Park.—The work of Professor Putnam in 4 
Ohio.—The importance of the discoveries made in the Serpent ; 
la 
4 
10784 
| 
ons : 
° & 
= 


